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Modulation Meter 


How long does it take for you to make a series of 
modulation tests with the meter you are using? The 
M.|. TF 2304 Automatic Modulation Meter eliminates at 
least five manual operations for each test and even more 
per test when a series of measurements is to be made. 
That can save you hours in a production day. 

When connected toa transmitter, the TF 2304 
automatically tunes to the carrier frequency and 
automatically sets the level, all within a few seconds. 
Exceptionally efficient screening and a very low distortion 
mixer ensure locking to the wanted signal. It is only 
necessary to select the required mode and range and the 
meter will read either deviation or % depth. L.E.D. 
lamps indicate if the signal level is too high or low and 
a push-button inserts a 20 dB attenuator to extend the 
maximum input level to | watt. 


The basic frequency range is 25-1000 MHz and there 
are 8 peak deviation ranges covering |.5 kHz f.s.d. to 
150 kHz f.s.d. and a.m. depth ranges of 30% and 100% 
f.s.dvall with a modulation frequency range of 50 Hz to 
9 kHz. Modulation symmetry can be checked by 
push-button selection of positive or negative deviation 
and peak or trough amplitude. 

The accuracy of modulation measurement is + 3% 
of full scale so transmitter deviation can now be set 
close to the permitted maximum with a consequent 
increase in efficiency. 

The TF 2304 can be operated either from mains or 
internal rechargeable battery. It’s small and light and 
there’s acomprehensive range of accessories including 


‘a carrying case. 


The price will pleasantly surprise you. Ask for full details. 


mil: THE AUTOMATIC CHOICE 


MARCONI INSTRUMENTS LIMITED, 
Longacres, St. Albans, Hertfordshire, AL4 OJN. England. Telephone: St. Albans 59292. Telex: 23350. 


A GEC-Marconi Electronics Company. 
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This month’s cover illustrates 
the new rectangular solid 
state lamps from Hewlett 
Packard which are currently 
available in three colours. 
They offer the designer the 
facility of flush mounting. 
Picture courtesy of Hewlett 
Packard. 
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Type94cermet- 
a really exclusive 
S__ trimmer 


Exclusive in a positive sense be¢ause we make allthe component 
parts, from substrates to adjustment shafts, contacts to cermet 
inks. This enables us to maintain a quality standard you can rely 
on time and time again. 


Type 94 features: * 19mm (34”) long, low profile. «0.5 watts at 
70°C. resistance range 10 ohms to 2 Megohms. :« selection 
tolerances +10%. + temperature coefficients +100 PPM/°C. 

* multi-finger brush contact. * panel and board mounting versions. 


Send for further details of the Allen-Bradley Type 94 now. 


It’s worth paying for quality 
hat pays you. 


U.K. DISTRIBUTORS 


ITT. Electronic Services, Jermyn Distribution, J. Gledson & Company Ltd. Newbiggin Lane, 
Edinburgh Way, Harlow, Essex CM20 2DF Vestry Estate, Offord Road, Westerhope, Newcastle-upon-Tyne NE5 1PH. 
Tel: 027-96 26777 Sevenoaks, Kent. Tel: 0732 51174 Tel: 0632 860955 

Woolley Components Ltd., Spenco Electronics (Phoenix) Ltd., Electronic Component Supplies (Windsor) Ltd., 
214A Manchester Road, Broadheath, 79 Carron Place, Kelvin Industrial Estate, Thames Avenue. Windsor, Berkshire SL4 10P 
Altrincham, Cheshire W14 5LU. Tel: 061-928 2289 East Kilbride G75 OSD. Tel: 035-52 36311/2/3 Tel: 075-35 68101 


or apply direct to: 


‘AB ALLEN-BRADLEY ELECTRONICS LIMITED 


Bede Industrial Estate, Jarrow, Tyne and Wear NE32 3EN 
NOY —s Tel: Jarrow (0632) 897771 Telex: 53353 
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comment 
Handle with care 


At last it seems people are beginning to realise that 
engineering is not an alternative profession when all 
else fails. For so long engineers have not enjoyed 
their rightful place in society mainly because society 
has failed to recognise the need to encourage school 
children to take up engineering rather than opting for 
a pure science degree. 

Science is becoming more noticeable in the 
running of our daily lives. We cannot fail to be aware 
of computers which churn out endless bills and 
appear dolefully on our doorsteps. Engineering could 
hold the future to Britain’s recovery. The foundations 
for this should have been laid long ago but society 
is reluctant to change and is slow to establish the 
mechanisms to improve itself, 

It has wasted many opportunities and channels for 
steering bright schoolchildren away from arts to the 
science areas. This is due to many social factors 
including perhaps a lack of understanding by 
teachers to the industrial dependence that Britain has 
for economical survival. Few teachers are able to 
come into contact with manufacturing industries and 
therefore cannot give informed careers guidance on 
the opportunities therein. 

One nationwide step that has been takerr recently 
is the announcement of a competition aimed at 
encouraging youngsters to develop an interest in 
engineering. Entrants have to produce a device of a 
mechanical or electronic nature which will be of 
benefit to society or improve existing equipment. 

The competition will run until July 1977 and is 
intended for students aged 16-17 at school and 
those aged 18-19 in further education who wish to 
enter group and individual project work for regional 
and national finals. 

Another unexploited area of talent has been in the 
female sector. Although the Sex Discrimination Act, 
which has been in force nearly a year, was brought 
in to eliminate any inequalities between sexes and 
provide equal opportunities for all—there is little 
evidence to suggest this has been the case. 

Many learned people in engineering have 
expounded on the fact that there is little 
discrimination and companies would welcome girls 
as engineers but we are still faced with the situation 
that there are few girls in engineering. Ewan McEwan, 
Managing Director of Lucas and newly appointed 
President of the Institution of Mechanical Engineers 
presented his inaugural speech on the subject of 
women in engineering. 

But whatever speeches may ensue in the future one 
thing is certain. In order to increase the number of 
engineers working in industry and ultimately are 
bringing increased productivity to this country we 
must begin to educate our children ata very early 
age that engineering can be an exciting and worth- 
while career. 
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Institution appeal 


In order to maintain and expand its activities the Royal Institution 
has launched an appeal to raise £750 OOO. Sir Monty Finniston 
leads the campaign as chairman with the aid of the Institution’s 
director, Professor Sir George Porter. 

Already a third of the sum required has been raised from private 
bodies, trade unions, trusts and commerce. The money is intended 
to be used to expand and maintain the popular schools*lectures 
which were first started in 1826 by Michael Faraday, to augment the 
research facilities, and to maintain the premises. 

The Institution has been the centre of research and innovation and 
as Sir George commented “Since it was founded in 1799 the many 
great scientific discoveries and inventions made at the Royal 
Institution have transformed the lives of mankind—it is only neces- 


-sary to mention the electric motor and dynamo, alloy steels, the 


arc lamp, the liquefaction of gases and the miner's safety lamp to 
see the truth of this”. 

Today much of the research being carried out in the linstitution 
concerns solar energy for which Sir George has a research grant 


from the government. 


Abacus to analyser? 


Digital design today is proliferat- 
ing at an ever increasing rate, 
creating a need for new instru- 
mentation to analyse digital 
systems. These digital systems 
are largely data manipulators 
with control functions _ per- 
formed by wP’s or minicompu- 
ters. To work with, understand 
and find problems in these data 
manipulators an instrument was 
needed that would monitor data 
transactions and present a visual 
picture of data flow. This device 
has subsequently been called the 
Logic Analyser, a type of instru- 
ment that operates in the data 
domain, in the world of bits, 
words, addresses, data busses 
and instructions. 

In 1973 Hewlett-Packard in- 
troduced the first Logic State 
Analyser, the 1601L offering 
many solutions to digital prob- 
lems. Subsequent develop- 


ments have led up to the latest 
equipment, the 1611A, a key- 
board controlled analyser dedi- 
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cated to the design and trouble- 
shooting of systems using 8080 
or 6800 uP’s. The 1611A is 
specialised to one type of sys- 
tem or the other by choice of an 
8080 or 6800 personality module. 

When connected’ to the cir- 
cuitry (at the »P’s socket and 
simultaneously to as many as 
eight other points if desired), 
systems activity can be dis- 
played on the instruments crt 
directly in the alphanumeric 
mnemonics of the particular 
uP’s own instruction set. With 
powerful qualifiers, the unit can 
frame a real-time Window around 
virtually any event, or set of 
related events. It also accurately 
measures true execution timing, 
or counts selected: events, as 
specified by the keyboard. At a 
point defined by the user, the 
instrument can halt uP opera- 
tions, then, if desired, it can 
control the transactions that 
follow, in single or multiple 
keyed steps. 
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Research 
grant 


Mobile radio research has been 
given a boost from the Wolfson 
foundation. £102,000 has been 
granted to Professor William 
Gosling from Bath University to 
develop his work in the field. 
The Wolfson foundation gives 
grants to university research 
which could prove of benefit to 
British industry. 

Mobile radio is becoming a 
growth industry since it is 
estimated that by the end of the 
century there will be over two 
million mobile radios in Britain 
compared with today’s 200 000. 
Also of the £38 million worth of 
equipment made in the UK 
£14 million was exported. It is 
thought that the world market is 
worth about £650 million. 

Professor Gosling’s main inter- 
est is in using narrower channels 
for mobile radio transmissions 
than are currently used without 
loss of speech quality. One of the 
main restraints on the growth of 
the industry is the restricted 
number of channels that can be 
used. 


Canadian 
connection 


A licence agreement has been 
signed between GEC and Nor- 
thern Telecom of Canada allow- 
ing GEC to manufacture and 
market exclusively in the UK NT’s 
SL-1 advanced digital business 
communications system. 

GEC’s development labora- 
tories in Coventry have been 
adapting the system for use in 
the UK and the company has 
estimated that the potential 
market for this equipment could 
be in the region of about 
$70 million a year. 

Already the SL-1—which is a 
large capacity pbx—has become 
a market leader in North Ameri- 
ca with orders and commitments 
received there worth over $22 
million. Northern Telecom claim 
that over 100 systems will be in- 
stalled this year. 

GEC will market the SL-1 
through its subsidiary Reliance 
Systems in the UK although the 
licence does allow the company 
to sell the system overseas. 

The SL-1 itself incorporates 
stored programme control and 
digital switching techniques. 
It is claimed to be the largest 
pbx available with a ‘range of 
100 to more than 7000 lines. 
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Assessing market needs 


The LSI 11 microcomputer from Digital Equipment is the com- 
pany’s answer to micros. 


Surveying the microcomputer/microprocessor market leaves one 
with more questions than answers. The market is reportedly grow- 
ing at 27% (USA 35%) per annum and could well be worth $75 
million (USA $250/300 million). New applications are appearing 
daily and new confusions and misconceptions appear just as fast. 
These range from, when to buy a “ready-made” microcomputer or 
when to build your own; to simp/e questions like, what is the 
difference between a microcomputer and a microprocessor ? 

It is from the analysis of questions like the above that Digital 
Equipment Corp designed a series of options to enhance their 
LSI-11 microcomputer. The ‘11 is a proper microcomputer, not a 
stripped microprocessor; containing on a single board the micro- 
computer, central processor, memory and input/output bus port. 
All expandable from a choice of six memory and 1/O modules, ram, 
prom/rom or core memories, serial and parallel 1/O interfaces, 
pce-backplane and card guide assembly. 

The new options include the DRV11-B direct memory access in- 
terface, for the transfer of data between the ‘11 system memory and 
an I/O device. Transfer speeds of up to 250 k 16-bit words/s are 
possible with byte addressing, read modify-restore operation and 
burst-mode facilities provided. 

The DRV11-P bus foundation module is a wire-wrap unit con- 
taining the sub Unibus interface, providing adequate board area 
for mounting and connecting ic’s and components. 

The MSV11-C provides up to 16k, (8k and 12k options possible), 
of 16-bit mos dynamic ram, using 4k x 1-bit chips. On board 
memory refresh circuitry is provided. Battery back-up facilities 
include the separation of power supply rails allowing the minimum 
required numbers of components to be supported in this mode. 

The fourth option is the KD11-R cpu, comprising the LSI-11 
module with no on-board memory and MSV11-C 16k ram module 
in a dual board configuration. 

The remaining two items are the LAV-11 line printer and the 
H780 power supply, providing +5V at 18 Aand +12 V at 2,5 A. 

DEG have also laid in a facility at Worcester, Mass. for the produc- 
tion of LSI-11 chips and interface circuits. This facility has been 
on-line for the past eighteen months and has the capability to 
fabricate 101,6 mm wafers in n-channel mos. 

Al Peters, European Components Group Manager, commented, 
that the facilities production currently outstripped the require- 
ment, but it was the company’s aim to produce semiconductors for 
DEC's internal requirements, including special devices. Other 
technologies were likely to be introduced in the near future with 
SOS or [?L as likely contenders. Western Digital, who up until 
recently were DEC’s major supplier of 4k ram’s will now act as a 
second source. 
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Last name in 
Processors 


Zilog were formed in late 1974 in 
Los Altos, California, with a 
brief to design and produce the 
next generation of microcom- 
puters. ; 

The founders of the company 
were Dr Federico Faggin and 
Ralph Ungermann. Dr Faggin’s 
achievements include the devel- 
opment of the original p-channel 
mos process at SGS and the 
development of mos silicon gate 
whilst at Fairchild and Intel, 
coupled with responsibility for 
the implementation of the 8080 
microcomputer system at Intel. 

This background development 
has led to the introduction in re- 
cent months of the Z80, a pro- 
cessor of the next generation. Ina 
short space of time it has become 
recognised as a potential market 
leader. 

These devices were designed 
to be super 8080A’s, offering 
158 instructions including the 78 
of the 8080A and a through-put 
of five times that of the 8080A. 
The device comprises a cpu, a 
parallel 1/O controller, serial 1/0 
controller, timer counter circuit 
and a direct memory access con- 
troller. There is also a free stand- 
ing floppy disc based develop- 
ment system. The circuit is im- 
plemented using an n-channel 
ion-implanted silicon gate mos 
process. It features 17 internal 
registers, a 1,6 us instruction 
execution speed and built-in dy- 
namic ram refresh circuitry. 


Shell orders 
Decca ISIS 


An order has been placed by 
Shell for machinery monitoring 
equipment marketed and _ pro- 
duced by Decca. The equipment 
is in the company’s ISIS range 
and will be employed on three 
oil platforms—the Brent C, Brent 
D and Dunlin A—which are all 
east of the Shetlands. 

Each of the ISIS 200 systems 
are to monitor a variety of pumps 
amounting to a total of 300 
points. Parameters such as tem- 
perature, vibration, electrical fail - 
ure and switch signal inputs will 
be measured as well as pro- 
viding alarms and displays. 

The first of the series of ISIS 
systems were introduced in 1967 
for the marine environment. 
Most of the equipment so far has 
been incorporated in rig supply 


- vessels and drill ships. 
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Did you know that 


make 
A PRECISION RESISTANCE STANDARD | 


Suitable for general lab- 
oratory use and as Stan- 
dards for comparison. A 
Test Certificate is issued 
. eure tt giving exact value | of 
ALMA COM PON NDARD unit measured against 
RESISTANGE bse os 1 +0.0001% NPL Certi- 
— ae | fied Absolute Standards 
Pow FON (NPL 1969). Single 

a values in decade multi- 
SER ISLS 13 ples of 1KQ, 2KQ and 
eee 5KQ up to 1MQ are 
available to +0.01%. 
Temperature coefficient 
of less than + 5ppm per 
°C. Intermediate and 
lower values also avail- 
able. 


as well as their renowned... 


PRECISION WIREWOUND RESISTORS 
REED RELAYS 

KEYBOARD SWITCHES 

REED UNISELECTORS 

PROXIMITY DEVICES 

STRAIN GAUGES 


Write now for full details of those items which interest you... 


Wo. 


= = 


=== ALMA COMPONENTS LIMITED 
- === Park Road - Diss - Norfolk - Telephone: DISS 2287 - Telex: 98162 
M.O.D. and C.A.A. Approved Inspection. 
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Marconi extends synthesizer range 


The TF2020 synthesized signal 
generator with its 50 kHz to 
520 MHz frequency range is 
ideally suited to a wide range of 
applications. Its excellent side- 
band noise figure (130 dB/Hz 
at 20 kHz offset) and its low 
spurious signal level (90 dB) 
make it suitable for measure- 
ments that were previously not 
thought possible with syn- 
thesizer techniques. 

Its introduction into Marconi 
Instruments range further ex- 
tends the company’s signal 
generator capability. The unit 
has full am and fm facilities, a 
stability >1 in 108/day, very low 
noise, spurious signals >90 dB 
down, 20 Hz to 99 kHz internal 
modulation oscillator, fre- 
quency deviation from zero to 
300 kHz and amplitude modu- 
lation to 99%. All of these func- 
tions can be controlled manually 
by fp-switches or remotely 
through parallel bcd control. 
These features together with low 
leakage and wide output range, 
from 0,2 uV to 4 V emf provide a 
compact laboratory equipment. 


eases 


Another equipment a low 
cost signal generator, type TF 
2015 is offered in two variations. 
Basically they are 10 to 520 
MHz general purpose am/fm 
signal generators; the deviation 
being that the -/1 is a narrow 
deviation instrument with three 
ranges 2,5, 5 and 25 kHz fs 


whilst the -/2 has a wider devi- 
ation variant with ranges of 20, 
100 and 500 kHz. 

The -/1 is particularly suitable 
for mobile radio and _ other 
narrow band applications where 
the ease of setting low deviations 
makes it ideal in manufacture 
and _ servicing. 


New laminates plant at BXL 


The new _ industrial laminates 
plant of BXL_ Thermosetting 
Division at Tyseley, Birmingham, 
was Officially opened by Mr 
J W Luchsinger, Senior Vice- 
President, Chemicals and Plas- 
tics, Union Carbide Europe. 
-BXL, a wholly owned subsidiary 
of Union Carbide Corp., USA, 
announced the beginning of this 
£2,5 million modernisation and 
expansion programme in early 
1975 to meet anticipated growth 
in European demand for their 
Bakelite industrial laminates— 
particularly in copper clad grades 
for electronics applications. 

The new plant consists of: 
two multi-daylight presses with 
automated paper and _ press 
handling systems; paper cutting 
and slitting machines together 
with an automated finishing line 
on which pressed laminates are 
trimmed, cleaned, inspected and 
sorted and critical parts of the 
plant situated in filtered air 
conditions controlled for both 
humidity and temperature. 

Produced at the 34 acre Tyse- 
ley factory, the current Bake- 
lite range consists of unclad and 
copperclad paper and epoxide 
glass laminates, together with 
elastomer-clad laminates for 
capacitor seals and resin treated 
paper and fabric for use in the 
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manufacture of rod and tube 
sections. ° 

The industrial laminates busi- 
ness forms one of the three busi- 
nesses of BXL Thermosetting. 
The other two are the bonding 
and surface coating resins busi- 
ness and moulding materials. 

The past decade has seen a 
significant switch in industrial 
laminate product mix, brought 
about by the developing needs 
of the electronics markets. In the 
period 1967-1974, the UK mar- 
ket for sheet products overall 
grew at 3% per annum, but 
within that period there was a 
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significant growth in the sectors 
of consumer and _ professional 
electronics, 80% and 70% re- 
spectively. 

The major end users in the UK 
and continental Europe for BXL’s 
range of copper-clad Bakelite 
laminates are in consumer elec- 
tronics (colour and monochrome 
television, audio and video en- 
tertainment equipment) and pro- 
fessional electronics (compu- 
ters, telephone exchange equip- 
ment and communications sys- 
tems). Television and audio 


accounts for 75% of the copper- 
laminate market, 


clad paper 


European 
support 


This new facility at Aldershot 
has been designed to support 
AVX’s push into Europe. Ulti- 
mately it will incorporate 
advanced technology for manu- 
facturing sophisticated and reli- 
able capacitors. These products 
will be multi-layer ceramics. 

A clearer indication of the 
company’s potential can be 
found by focusing on the long 
term trends of the industry. 

AVX's principal product is the 
multi-layer ceramic capacitor, 
one of the most technically 
advanced passive components 
used in electronics. Over the 
past eight years sales of multi- 
layer ceramics have increased at 
an annual rate of about 20%. 
It has been the multi-layer 
portion of the ceramic capacitor 
industry that raised ceramics to 
30% of the total capacitor market 
in 1975 as opposed to 14% 
of total capacitor sales in 1967. 
Multi-layer products should ac- 
count for virtually all the future 
growth in ceramic capacitors, 
which are expected to double in 
sales by 1979, commented D 
Scrantom, General Manager.- 

AVX Corporation holds the 
leadership position in the US 
multi-layer ceramic capacitor 
industry. An indication of the 
company’s technical capabilities 
can be found in the range of 
product innovations and im- 
provements introduced during 
1975. Firstly the introduction of 
Planar, a full product line of 
multi-layer chip capacitors with 
thin-foil tabs bonded to the 
end terminations. The tabs en- 
hance the bonding to hybrid 
circuit substrates and form a 
more reliable connection. 
Another development resulted in 
a new ceramic casting method 
that produced a thinner dielec- 
tric layer with a 33% increase in 
capacitance with little increase 
in size. The company continued 
development of new ceramic 
bodies and began limited manu- 
facture of a new ceramic that has 
the potential to reduce the 
palladium content required in 
electrode plates. 

It can be seen from this 
strong foundation that their 
approach to the European market 
is a serious one. When main 
line production gets under way 
in the next few months, the 
facility will be equipped with the 
most advanced _ production 
equipment. 
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Barr & Stroud are pleased modules 05 and 06 so 

to announce a further extend the capabilities of 

advance in the continued the system that it could 

development of their well meet all your 
filtering requirements. 
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UDR 350/700 TAPE READERS 


Trend Communications are market leaders 
in the tape reader field and have chosen 
Electroplan to distribute their UDR 350 
and UDR 700 Tape Readers in the U.K. 
These low-cost computer input devices 
set new standards for peripheral 
equipment and are already specified by 
most British computer manufacturers. 


with 


VARLEY Rechargeable Power Sources 

EVER READY Rechargeable Power Sources 

TIME ELECTRONICS Calibration & Potentiometric Measurement 
WEIRINSTRUMENTATION DC Power Supplies 
INTEGRATED PHOTOMATRIX LIMITED DC Power Supplies 
GREENWOOD ELECTRONICS Tools and Accessories 
GOULD ADVANCE Frequency Counter Timers 

WESTON INSTRUMENTS Digital Multimeters 

SOLARTRON Digital Multimeters and Voltmeters 
INTEGRATED PHOTOMATRIX LIMITED Digital Panel Meters 
WESTON INSTRUMENTS Digital Panel Meters 

DIGITRON INSTRUMENTATION Digital Thermometers 
DELRISTOR Reference Chambers 

LABFACILITY Thermocouples 


Electroplan Limited 
P.O. Box 19 Orchard Road Royston Herts SG8 SHH 
Telephone: (0763) 41171 Telex: 81337 Ecplan 
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a service fo measurement 


These high speed readers employ a 
patented differential photo-electronic 
sensing system and capstan drive with a 
unique electromagnet braking system. 
Electroplan stock a wide range of interface 
units and tape handling accessories for 
the tape readers, together with complete 
Paper Tape Punch/Read stations. 


EDGCUMBE PEEBLES Insulation Testers 

GULTON EUROPE Miniature Recorders 

BRYANS SOUTHERN INSTRUMENTS Recorders and Plotters 
ELECTRON SYSTEMS Digital Printers 
TELEQUIPMENT Oscilloscopes 

GREENPAR ENGINEERING Oscilloscope Accessories 
WESTON INSTRUMENTS Analogue Multimeters 
RISSO Analogue Multimeters 

BACH SIMPSON Analogue Multimeters 

WAVETEK Function Generators 

SYSTRON DONNER Pulse Generators 

GOULD ADVANCE Signal Generators 

RYLEY AUTOMATION Logic Test Equipment 

TREND COMMUNICATIONS Computer Peripherals 


Q@ An Electrocomponents Group Company 


erm 


Until now, 


bought only half the synthesized 


Now Racal Instruments bring you 
a new concept in signal generation — 
the 9081. Take a good look at 
its features and see why this 
Synthesized Signal Generator will 
become the standard by which 
others will be judged. 


The 9081. Synthesized precision 
and analogue tuning from 
5-520 MHz 

You set the output frequency by 
means of conventional analogue 
tuning controls. Once you've 
selected the appropriate frequency 
range you simply spin the main 
tuning control and stop it when the 
display shows the desired frequency. 
No longer is it necessary to adjust a 
formidable array of decade switches. 

When tuning has been completed 
the output is automatically locked to 
an ovened crystal oscillator which 


range MHz 


on 
power - & 
re 


standby 


has a very fast warm-up and a 
stability of better than £3 parts in 
10° per day. You can forget about 
the usual add-on extras such as 
synchronizers or lock boxes — they're 
just not required. 

There’s also a fine tune vernier 


R/A/C/A/L | 
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frequency MHz 


control that gives the 9081 a 
continuous tuning capability — 
something quite new in a synthesized 
instrument. And even when using 
this facility the output signal is still 
locked to acrystal oscillator and has 
a stability at least one order better 
than any analogue generator. 

You don't need a frequency meter 
to check the output, because weve 
built in an I.s.i. counter that 
continuously monitors the output 
frequency and updates the eight digit 
|.e.d. display. So you are always 


fine tune 


SYNTHESIZED 
SIGNAL GENERATOR 


“certain exactly what frequency the 


9081 is generating. The counter has 
a maximum resolution of 10HZ at all 
frequencies and derives its high 
accuracy and stability from the same 
internal frequency standard used for 
the synthesizer. 


. channel spacing kHz 


i) 


The 9081. Channelised tuning 

In channelised radio 
communications the need is to 
generate precise spot frequencies 
separated by internationally agreed 
channel spacings. With the 9081 this 
couldn't be easier. In fact, it takes just 
the flick of a switch. Simply select the 
channel spacing you require, tune to 
the first channel frequency and press 
the step switch for the next channel. 
You can then step up or down 
through the entire frequency band 
one channel space at a time. Very 
fast, very simple, and with guaranteed 
synthesized precision all the time. 
We've provided all ten channel 
spacings between 5 and 60kHz so 
you can use the 9081 wherever 
youre based. 


The 9081. Automatic Output 
Levelling. 

As you'd expect in a top quality 
signal generator, the 9081 includes 
automatic voltage levelling to 
maintain the output amplitude 
substantially flat over the whole 
frequency range-typically within 
+0.5dB in fact. There's an accurate 
switched attenuator and a vernier 
control which provide an output 
range from -130dBm to + 3dBm. So 
you can vary the output amplitude 
from 0.7uV up to 316mV into 50a. 


@ 5to 520 MHz 

@ Synthesized Performance-Analogue Tuning 
@ Channelised or continuous operation 

® Stability + 3 parts in 10° per day 

@ AM, FM and Phase Modulation 

@ Output automatically levelled 


£1995 
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Signal Generator you wanted. 


The 9081. Comprehensive 
modulation facilities 

Fulla.m.,f.m.and phase 
modulation facilities are provided to 
enable you to check most types of 
radio communications systems. The 
rf. output can be modulated either 
at the fixed 400Hz, 1kHz and 5kHz 
frequencies provided by the internal 
oscillator or at.other frequencies up 
to 100kHz if you use an external 
source of your own. In both cases the 
front panel meter gives a clear 
indication of modulation depth, 
frequency deviation or phase 
deviation according to the type of 
modulation being used. 

9081 has a simultaneous 
modulation capability. That means 
you can modulate with a.m. in 
combination with either f.m. or 
phase modulation. And you can use 
internal or external oscillators to 
do it. 


modulation 


frequency 
off 400Hz 1kHz 5kHz 
a 


modulation- 
level 


meter 
AM(100%) CW. FM/@M 
a = a 
i< 


peak 
deviation 


modulation 


The 9081 is ruggedly constructed 
for high performance in both field 
and laboratory roles. It doesn't just 
look good. Designed to meet 
recommended European safety 
Standards and built to satisfy military 
environmental specifications, 
the 9081 measures only 138mm x 
408mm x 445mm, weighs a mere 13 kg 
and is readily portable. It's an easy to 
use, fast to tune, high precision 
synthesized signal generator and is 
unique. In fact, the 9081 is unbeatable. 


Still need convincing? Why not 
write today for a copy of our 
brochure which will give you all the 
technical details? 


Racal Instruments Limited, 
Duke Street, Windsor, Berkshire, 
SL41SB. England. 

Telephone: Windsor 69811 
Telex: 847013 


frequency MHz 


frequency 
“i off 400Hz tkHz SkHz 
x a 
eR 2 fee wy Ba is AY wp Hi hn Ge E soe 
fae eal Reh Me ed | EOP ded ] : 


meter 
AM(100%) CW FM/OM 
3 =. 
amen” a 


peak- 
deviation 


power =f 


=e SYNTHESIZED 
standby 


SIGNAL GENERATOR 


9081 The complete synthesized signal generator from Racal Instruments 
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QUALITY - PERFORMANCE 
RELIABILITY: SERVICE 
APPLICATION ADVICE: COMPLETE RANGE 


COUNTERS =" 


TYPE 422 


AES : ait i 7 SC aS | TYPE 856 


TYPE 404 


TYPE 441 * TYPE 804 


|| FEATURING TYPE 841 
4 digit predetermining ota ly Ug 
counter with electrical reset. 


Shown are just a few examples 
from our large range of counters. 
Hengstler GB Limited, 


Nazeing New Road, Broxbourne, Herts, EN10 6SX 
Tel: Hoddesdon 68451 Telex: London 263243 
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COIL-LINKING OPTICS 
WITH 


| 

Our design and development team is available Lens arrays (for LED’s etc) 

to assist you in solving these problems. Light Guides 

Plastic integral optics can dramatically reduce eInstrument Covers 

the cost and complexities of components and eLenses, aspheric tof/1 size 3mm up to 700mm 


assemblies. Lenses spherical and cylindrical 
We can design and supply. Prisms and Mirrors 


| 
Combined Optical Industries Limited 
200 Bath Road, Slough SL1 4DW, Berkshire, England 
Telephone: Slough 21292 Telex: 847684 Cables: Igard Slough 
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Once uponatime 
Britain made the 
-bestindustrial 
cathode ray tubes in 
the world. 


Theystildoc 


Engineers looking for quality industrial cathode ray [Z 
tubes look to Brimar. Our tubes are made to the highest “© 
quality standard with a personalised sales and 
technical advice service to match. Our range 
extends from 1-inch instrument to 24-inch se 
data display/monitor tubes and includes ao 
double gun tubes, radar tubes and flying spot scanners. 
| Our catalogue is over 1 inch thick — ask for it.* 
Thorn Radio Valves & Tubes Limited, 
BRIMAR Mollison Avenue, Brimsdown, Enfield, Middlesex, EN3 7NS. 
| Telephone: 01-804 1201. 


*Price £2. FREE to bona fide trade enquirers. THORN 
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Any system 


that uses a power supply 
needs this circuit. 


It's the ICL8211/8212 
micropower voltage detector. 


Any system 


using a power source 


between 2 and 30 volts can’t afford to 


be without Inters 


ICL8212. Basical 


i's new ICL8211 and 
y, they’re voltage 


detectors which detect and indicate if 


a voltage has go 
value (ICL8211) 
or temporary po 


ne below a selected 
as with battery failure 
er-supply interruption 


or above a set value (ICL8212). But 
their uses are almost limitless. 


During their 


state, they draw 
input range from 


“sensing” or OFF 
only 20A over an 
2 to 30 volts... you 


set the exact voltage with two external 
resistors. They're super stable: 
threshold voltage varies only 


device 


‘| OUTPUT — 


OQ INPUT-—» 30V 


about 100ppm/°C. And both 


s§ can be connected to 


provide an output with hyster- 
esis, making them great for 
indicating transitory voltage 


excursions even after the 


input voltage has 


settled back to normal. 


A few of their many other uses are 


shown here. 
Intersil, 8 


Tessa Road, 


Richfield Estate, Reading, Berks. 


Send for new 10 page 
Specification /Appi 


PART NO. TEMP. RANGE PACKAGE 100+ 
ICL8211CPA Oto +70° 8 pin miniDIP 
ICL8211CTY Oto+70°C TO-99 can 
ICL8211MTY  -55to+125°C TO-99 can £3.87 
ICL8212CPA - Oto +70°C 8 pin miniDIP £1.16 
ICL8212CTY Oto +70°% TO-99 can £1.16 
ICL8212MTY -55to+1 TO-99 can £3.87 


Tel. 0734 695011 TWX. 851847227. 


ication Sheet. 


L595) 


= 


Intersil sales representatives 
Austria: Vienna 

Rieger GMBH, Tel. 0222/73-4684-0 
Belgium: Brussels 


Auriema Europe S.A., Tel. 02/5236295 


Denmark: Copenhagen 

E.V. Johanssen A/S, Tel. 451839022 
France: Orsay Tel. 907 7844 

TIP. S.A. 


“o> 


1. It's avoltage detector. 
Use the ICL8211 as a 
low-voltage detector, the 
ICL8212 as a high-voltage 
detector, or both together as 
a non-volatile out-of-voltage- 
range sensor/indicator. One 
popular application, shown 
here, is as a low battery indi- 
cator in portable systems. 


[2] 1CL8211 


*R3 
optional (only 
when hysteresis required) 


France: Sevres 
Tekelec-Airtronic, Tel. (1) 027-75-35 
France: Versailles 
Intersil Inc., Tel. (1) 953-47-08 
Germany: Munich Tel. 089/7600031 
Spezial-Electronic, GMBH 
Holland: Amsterdam: 
AD. Auriema Europe, Tel. 040/069244 


2. Asettable reference. 


Use the ICL8212 to 
simulate a Zener reference. 
Except with the ICL8212 you 
can set the output from 2 to 
30 volts, with a sharper knee 
than most Zener diodes, and 
at significantly lower current. 


Available now from stock. 


Intersil European Sales Offices 
UK: Intersil Inc Reading 

Tel. Reading 595011 

France: Intersil Inc Versailles 

Tel. (1)953 4708 


3. Avoltage regulator. 

The ICL8212 makes a 
very stable series voltage 
regulator, usable with lowe 
input voltages and consuming 
less power than other reg- 
ulators. Terrific for battery 
operated equipment, espe- 
cially at low voltages. 


Unregulated [2] 1CL8212 


Scandinavian Stocking Representatives 
Denmark: E. V. Johanssen A/S Copenhagen. 
Tel.451839022 

Norway: Hans H. Schive A/S Oslo 
Tel.557692 

Sweden: Teleimport AB 

Tel. 08°7510475 


UK Stocking Distributors 
Rapid Recall London 


Tranchant Electronics Ltd, Hampton, Middx. 


4. A constant current 
source, and lots more. 

For biasing, the ICL8211 
will provide a constant 130A, 
the ICL8212 a constant 25 uA, 
with a parallel-resistance 
equivalent in the tens of meg- 
ohms from 2 to 30 volts. 

Other possible applica- 
tions include high voltage 
dump circuits, frequency limit 
detectors, switch bounce fil- 
ters and on and on and... 


new offices at Old Park Road : 
ower directly to Europe. Solid state power 
vj instrumentation. Comn é ems: 


i AM, FM, SSB, T 
ith minimum distortion. An 
power amplifie: will deliver their rated power to any 
load, regardless of match. They are unconditionally 
failsafe and stable (impervious to severe load conditions 
including open or short circuit loads). 
: ENI Power Systems power generators are 
\ versatile and flexible sources of power for a wide 
variety of applications. Units are available 

covering the frequency range of 9 kHz to 250 kHz, 

with 350 to 8400 watts power output. 

ENI’s Tower of Power. It’s the new Tower in London. 
Bringing solid state power to all of Europe. 


For further information, contact: 


EMM sstevs, 0. 


p 23 Old Park Road 
Hitchin, Hertfordshire 
England SG 2 JS 
Telephone: Hitchin 0462 51711 
Telex: 825153 ENI HITCHIN 


tronics, Ltd., Frimley Green, Camberley, Surrey, England, Tel: Deepcut (02516) 
5094 AUSTRALIA: Elmeasco Instruments Pty. Ltd., 7 Chard Road, Brookvale, N.S.W. Australia, Tel: 939-7944 BENELUX COUNTRIES: Coimex, 
Hattem, Holland, Tel: 05206-1214 DENMARK: Tage Olsen A/S, 2100 Kobenhavn 0, Denmark, Tel: (01) 294800 FRANCE: Comsatec, 92300 LaVallois- 
Perret, France, Tel: 270.87.01 GERMANY, AUSTRIA: Kontron Electronik GmbH, 8057 Eching/Munich, Oscar-von-Miller-Str. 1, Tel: 08165/77336 
ITALY: Romagnoli Elettronica, 57100 Livorno, Italy, Tel: (0586) 407.301 JAPAN: Astech Corporation, Shinjuku-ku, Tokyo 160, Japan, Tel: Tokyo 
343-0601 NORWAY: Solberg & Andersen A/S, Brynsveien 5, Oslo 6, Norway, Tel: 472191000 SOUTH AFRICA: Associated Electronics (Pty.), Ltd., 
Johannesburg, South Africa, Tel: 724-5396 SPAIN: Aupoca S.A., Madrid 16, Spain, Tel: 457-53-12 SWEDEN: Saven AB, S-185 00 Vaxholm, Tel: 

15 on enquiry card 07641315 80 SWITZERLAND: Kontron Electronic Limited, 8048 Zurich, Switzerland, Tel: 01 62 82 82 


ENI products also available as follows: UNITED KINGDOM: Dale Elec 
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A controlled fixed maximum ramp generator 


A train of pulses of width T secs 
is applied to the input. The net- 
work which comprises two flip- 
flops, two and gates and an 
inverter allows only a single 
pulse to reach the and gate 3. 
TxX10* pulses are stored in 
three 7490 counters. These 
counters are connected in the 
divide by N mode, where N 
depends on the number of 
pulses stored. 

The output of the 74192 is 
10x10® = 100/T Hz. This is 

Tx 105 
gated by the input pulse train at 
gate 4. The 100 pulses (per 
time duration of T secs) are fed 
to the counters whose outputs 
drive the digital input of the dac. 
These pulses are fixed for any 
time duration of the input pulse. 

As the count reaches 99, the 
dac gives a maximum analogue 
output. The analogue output 
passes through an_ integrator 
which smoothes the stepped 
analogue output of the dac. A 
monostable triggers at the trail- 
ing edge of the input pulse and 
this ensures that the counters 
are reset to zero when the 
lower amplitude of the ramp is 
selected. 

The time duration depends on 
the oscillator frequency and the 
number of counters driving the 
74192 preset inputs. The circuit 
can be used for sector expansion 
in oscilloscope displays. An 
operational amplifier can be con- 
nected at the ramp output to 
obtain the maximum fixed am- 
plitude of the ramp voltage. 


C Venkat Rao and D Bhanu- 
murty, Ministry of Defence, 
Chandrayanagutta Lines, Hyder- 
abad 5, India. 


Output of gate 3 


Digital to analog 
converter output 


Integrator output 


8 bit BCD 


Thyristor switched power supply 


In building a manual program- 
mer for 1720A proms a power 
supply had to be provided cap- 
able of switching from the 
programming level of 12 V nomi- 
nal to a verify level of 4 V, within 
a time of 1-10 usecs. The 
switching was arranged to be 
manually operated to enable a 
verify check at any selected 
address. This necessitated a 
means of preventing bounce 
appearing on the Vcc output. 

An RCA stabiliser CA3085B 
was used in conventional series 
configuration. A 1T1C44 thy- 
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@) 
i Ge 
CA30858 (8) SC 
(3) 
O® 


2N3055 


Operational 


nplifier 
Integrator SEP PLES. = Raiip 
output 


ristor with dc gate drive from the 
switch adjusted the feedback 
potential divider to provide the 
two required output levels. Due 
to tolerance in the reference 
voltage (1,5 V-1,7 V), and for- 
ward voltage drop of the thy- 
ristor, feedback resistors were 
left as potentiometers. Values 
were chosen to allow the thy- 
tistor to run at a forward current 
greater than 3 mA. The output 
switches smoothly with rise and 
fall times of one and two usecs. 
J S Rawlinson, British Steel, - 
Motherwell, Lanarkshire. 
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New portable DIMMs. 


New Fluke DMMs Fluke have 
introduced two new digital 
multimeters. That is big News in 
itself, because when you are already 
producing the best selling 
instruments on the market, how do 
you bring off another success? 

The answer has been to take an 
outstanding specification and shrink 
it into a truly portable instrument. 

True RMS a.c. This is the most 
important feature — especially when 
you realise that it is incorporated 
ina battery operated instrument that 
measures less than 6 x 5 x 2/2in. and 
weighs only 2% Ib. It means that you 
can take lab. quality measurement 
out in the field, free from the shackles 
of size, weight and power points. 

Two versions — 8030 & 8040 
Both models offer five ranges over 


18 


five measurement functions and 
include autozero. The 8030 is a 3/2 
digit instrument with a useful diode 
test facility. The 8040 has 4% digits 
and incorporates autoranging. 

The only way to buy Both 
these briefcase sized DMMs are 
available from ITT Instrument 
Services; and from nobody else, not 
even from Fluke. Which brings 
together the best sellers among 
portable DMMs and the biggest 
name in the instrument distribution 
business. That means no-delay 
telephone ordering, streamlined 
internal processing, and delivery 
from stock. 

Ask for a spec. sheet now. Or 
better still, get ITT to arrange a demo. | 
You will be more amazed by the eto ——— ee 
performance than the price! 


a data sheet on the 8030 and 
8040 and send it to: 

ITT Instrument Services. 
Edinburgh Way, Harlow, Essex. 


Name = oe 
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The only way to buy. 
Harlow (6279) 29522, 
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APPLIED IDEAS 


Simulated inductance for low frequency filter 


Line pick-up noise at 50-60 Hz 
is a common problem when 
working at very low frequency 
signals. A very effective method 
to eliminate this is the use of a 
high Q notch filter. Figure 1 
shows a simple inverting ampli- 
fier using an op amp. The trans- 
fer function is given by 


T(w) = —@o0 = Z2(w) 
e; Z1(w) 


By having a parallel tuned LC 
in place of Z1, and a pure 
resistance for Z2, the circuit will 
form an efficient filter. At low 
frequencies the size of the 
inductance becomes _prohibi- 
tively large and the use of a 
simulated inductance becomes 
desirable. 

Figure 2 illustrates this appli- 
cation. The effective series resis- 
tance of the simulated induc- 
tance is nearly equal to R4. The 
value of this resistance is chosen 


small in order to obtain a high 
Q value. The resistance R1 in 
series with the tuned section 
ensures that the response is flat 
at other frequencies. Attenua- 
tion between 40 to 60 dB can 
be achieved at the notch fre- 
quency. 

The non-inverting version of 
the filter is shown in Fig. 3. 
The noise, as well as the signal, 
is first attenuated to the desired 
value (60 dB with the values 
shown) by the potential divider 
R5-R6. The transfer function is 
again controlled by the tuned 
LC stage which is connected 
between the inverting input 
terminal of the op amp, and the 
ground through the series resis- 
tance R1. The values of R1 and 
R2 are chosen so that at fre- 
quencies other than the notch 
frequency, the gain of the circuit 
is the reciprocal of the attenua- 
tion introduced by the divider. 


At the notch frequency the gain © 
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is unity and the overall attenua- 
tion is set by R5 and R6. The 
non-inverting version has the 
advantage that the attenuation 


c 
1,01uF 


2 


can be independently set. 
PRM.Panicker, The Government 
of India, Vikram Sarabhai 


Space Centre, Trivandrum, India. 
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Monsanto — 
14mm Double Digit 


Yes, these big, new double digit displays with 
overflow, arenow commercially available. They enhance 


Monsanto’s well established range of 7 mm and ~ id 
10 mm red, orange and green single displays. Be sure - 
to get your sample orders in soon! Distributors: 

There’s common cathode and common anode 
configurations and their round-cornered solid seg- Semicomps London, Colney S.D.S- Components Ltd., 
ment font and optimum colour contrast, maximise Tel. Bowmans Green 24533 Portsmouth Tel. 65311 
ease of read out. And there are more advantages. Like Kelso, Scotland S.D.S. Scotland 
the ease of assembly through lower pin-out and direct Tel. Kelso 2366 Tel. Eastkilbride 48617 
MOS drive. What’s more, because they’re Monsanto Keighley, West Yorkshire Swift Hardman 
displays you can depend on their reliability and lasting tel. Keighley 65191 P.O. Box 23, Baillie Street, 
brightness, together with all the inherent shock- ; : Rochdale, Lancs. 
resistant and long-life benefits of solid state. Semiconductor Tel Rochdale 47411 

Monsanto’s 14 mm orange display, has the Specialists (UK) Ltd., 
special advantage of high brightness — low energy Yiewsley, West Drayton, 
requirement and is therefore perfect for battery driven Middlesex Tel 46415 
applications. The red double digit offers the same a — 
outstanding basic properties plus the benefit of low I 
unit cost. To:M iota 

Supplies are direct from our Monsanto European See a 

ao : i Electronic Division 

distribution centre in Ghent, where we have full 40-18 Victoria St 
technical back-up, including testing, screening and London SW 1H ONQ 
even marking if required. UK. Tel. 01.222.5678 

Send for the coupon now for our short form 
catalogue and data sheets. 

Name ee 
Descriptions ; Model Number Colour Luminuous Intensity* Position 
per segment (picd) 
20mA 5m 
2 Digit; Common Anode MAN6610 orange 2000 500 Address 
RHDP MAN6710 red 500 125 
11/2 Digit; Common MAN6630 orange 2000 500 
Anode, Overflow (£1.8) MAN6730 red 500 125 
RHDP 
2 Digit, Common MAN6640 orange 2000 500 
Cathode; RHDP MAN6740 red 500 125 
11/2 Digit, Common MAN6650 orange 2000 500 
Cathode; Overflow MAN6750 red 500 125 
(+ 1.8), RHDP *Typical Bo ce 123 
NE 
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APPLIED IDEAS 


VDR extends range of control by photocell 


The human eye can function 
satisfactorily in’ ambient illumi- 
nation ranging from less than 
10-1 to more than 104 Lux. 
Over much of this range sub- 
jective brightness is  propor- 
tional to the logarithm of illumi- 
nation. So the automatic control 
of the brightness of led displays 
for example, must give a well- 
graded control over a typical 
indoor range of illumination 
from about 0,1 to 1000 Lux. 

In one case, a 7-segment led 
display was found to have good 
readability in a brightly lit room 
when the common anodes were 
connected to a +15 V supply. 
Reducing the supply voltage 
gave a graded reduction in 
brightness, until the minimum 
satisfactory brightness for a 
dark room was reached when 
the anode voltage was about 
+3 V. This voltage was to be 
supplied by a series regulator 
transistor controlled by a cad- 
mium sulphide photoconductive 
cell. However, the resistance of 
CdS photocells varies inversely 
with illumination in an approxi- 
mately linear manner over the 
range required, so a_ simple 
potentiometric circuit such as 
that shown in Fig. 1a yielded 
an unacceptably sigmoidal con- 
trol characteristic of output 
potential versus illumination, 
shown by the solid black curve 
in Fig. 2. The output potential 
fell too steeply as illumination 
was reduced in the middle of the 
range, and in dim illumination 
it was below the required mini- 
mum of +3 V. 

Replacement of the linear 
resistor R1 by a non-linear volt- 
age dependent resistor, as in 
Fig. 1b, gave a great improve- 
ment in the control charac- 
teristic. The potential drop across 
a silicon carbide VDR is given 
by the equation: 


v= cle 


where C and & are constants 
that depend upon the type of 
VDR. For the present applica- 
tion, which used an ORP 12 
CdS photocell as the light sen- 
sor, the Mullard E299DD/P220 
proved to be the optimum type 
of VDR. The values of its con- 
stants are given by the manu- 
facturers as: C = 40, 8 = 0,25 
to 0,4. In the circuit of Fig. 1b it 
produced the control charac- 
teristic shown in Fig. 2 as a 
dashed line. Although this ap- 


proximated to the required slope 
of output potential versus illu- 
mination, it still fell below +3 V 
in the dark and only approached 
+15 V under brighter illumina- 
tion than is normally encountered 
indoors. 

The final circuit shown in Fig. 
1c, was supplied from +18 V 
and had a 3 V Zener diode in 
series to set the required lower 
limit. Resistor R2 was needed 
to maintain adequate Zener 
current when illumination was 
low and the resistance of the 
photocell was consequently very 
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E299DD/P220 


BZX85-3V 


1000 


high. This circuit had a control 
characteristic that varied from 
about +3 V at 0,1 Lux to +15 V 
at about 1000 Lux. At 1000 Lux 
the circuit drew about 25 mA 
from the +18 V supply—less at 
lower intensities. 

The red curve of Fig. 2 
shows that the range of 
control voltage over 5 decades 
of illumination was_ sufficient 
and the slight downward curva- 
ture of the semi-log plot, be- 
tween 0,1 and about 1000 Lux, 
indicated ideal control charac- 
teristics for indoor applications 


10000 


the relation between log output 
V and log illumination being 
virtually linear within this range. 

For different applications the 
control characteristic curve can 
be altered, either by employing 
other types of VDR, having dif- 
ferent values of C or 8 or by 
changing the Zener diode. In 
some applications care may be 
needed not to exceed the per- 
mitted power dissipation in the 
VDR, photocell or Zener diode. 
MH Evans, Institute of Animal 
Physiology, Babraham, Cam- 
bridge. 
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GENERAL INSTRUMENT 


PRESENT A SERVICE 


ya ey, 
SIN Pee 


General Instrument pioneered the 
design and manufacture of MOS 
microcircuits dedicated to 
telecommunications. 


We can advise on their application 
in your particular equipment. 
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AY—5-—9100 converts 
push button inputs to rotary dial pulses. 
AY—5--9200 stores 
ten 22 digit numbers including access pauses. 
AY—5-—9400 
converts push button inputs to standard two tone signals. 
AY—5—1013 contains asynchronous 
transmitter and receiver for data transmission. 
ROMS, RAMS and microprocessors 
for electronic exchanges. 
GENERAL INSTRUMENT 
MIGROELECTARONGCS LT 


57-61 Mortimer Street, 
London WIN 7TD. 
Telephone: 01-636 2022 
Telex: 23272 
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Circuit converts unipolar supply to dual 


This circuit converts a unipolar 
supply to a dual power supply 
whose outputs are indepen- 
dently variable. The outputs can 
be loaded unsymmetrically and 
the circuit is simple and needs 
very little hardware. 

The circuit is symmetrical 
about ground being two shunt 
regulators connected in series. 
As the circuit is symmetrical 
we can analyse one half of the 
circuit only for simplicity. 

Assume that B and C are short 
circuited so that only the V+ 
supply is active. Any applied dc 
voltage now appears across A 
and C. Diode D1 maintains a 
stable reference of 6,2 V as the 
bias current is obtained through 
resistor R4. 

Resistors Ri, R2 and R3 
form a potential divider and 
this samples the V+ supply and 
applies it to the base of tran- 
sistor Tr1. Tri compares this 
sample with the reference, and 
if there is any error, Tr1 biases 
Tr2 such that the voltage drop 
produced in R9Q by the collector 
current of Tr2 compensates for 
the change in V+ supply. 

The output voltage remains 
constant irrespective of load 
and supply changes. By varying 
the potention ster R2 the output 
voltage can be conveniently 


varied. A similar circuit between 
B and C provides the V— 
supply and this can also be 
altered by the potentiometer R6. 
The output of both power sup- 
plies can be varied between 
eight and 17 volts so that the 
standard +9, +12 and +15V 
settings can be made. 

The circuit is designed from a 
maximum load current of 1A 
and the output impedance of 
both the supplies of 0,35 Q. 
Tr2 and Tr4 should be mounted 
on a heatsink capable of dissi- 


Bench power supply 


pating 17 watts. C1 and C2 
bypass the output ripple. 

To obtain any voltage, say 
+15 V, the potentiometers R2 
and R6 are set for the maximum 
output voltage. A dc_ input 
voltage 2V higher than the 
sum of the output voltages (in 
this case 32 V) is applied. R2 
and R6 are adjusted so that V+ 
and V— attain 15 V. 

For any required load current, 
the input voltage is adjusted 
such that the current flowing 
into A (without the load being 


connected to V+ and V—) is 
50 mA more than is needed. So, 
for small current the dissipation 
in transistors Tr2 and Tr4 will be 
small. The circuit does not have 
any short circuit protection but 
makes use of the protection 
provided by the dc input source. 
The circuit is ideal for biassing 
Operation amplifier circuits. 

S Jayasimha Prasad, Senior 
Research Fellow, Dept of Elec- 
trical Engineering, Indian Insti- 
tute of Technology, Madras 
6000 036, India. 


Retriggerable one shot using a 555 timer 


This circuit is a low priced 
retriggerable one shot having all 
the advantages of a 555 timer 
such as long time delay, high 
fanout capability, large supply 
voltage range and the time 
delay is independent of supply 
variations. 

The basic idea of the circuit 
is to discharge the timing 
capacitor C by the trigger pulse, 
which arrives after the initial 
trigger but during the required 
delay (1,1 RC), so that C can 
be recharged by R. The total 
delay is: 


1,1RC+ti+t2 


Where t1 is the trigger pulse 
width, and t2 is the delay be- 
tween triggers. In the circuit, 
transistor Tr2 discharges C if the 
trigger arrives irrespective of the 
state of the oneshot. The time 
delay starts from the departure 
of the actuating trigger. 

The trigger width should be at 
least 50 nsec for a capacitance 
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of 0,1 uF as a timing capacitor. 
For larger capacitances the 
width should be more so that C 
is always fully discharged. Tran- 
sistor Tr2 should be chosen 
with a high Ic max rating. In 
order to achieve a clear rec- 
tangular waveform at the output 
a load resistor R1 is required. 

To ensure that Tr2 is off 
during the trigger the resistor Rk 
should have a low value of 
between 47-100 ©. Rk must be 
less than Rn0,6/(V— Vhmin— 
0,6) where Vhmin is the mini- 
mum voltage for a logical one. 
Rn limits the base current of Tr2 
when the trigger input goes /ow 
so that the Ic max rating of Tr2 
is not violated when discharging 
a larger capacitance. 


S Bose, Saha Institute of Nuclear 
Physics, 92 Acharya Prafulla 
Chadra Road, Calcutta-9 India. 


Input 
trigger 


Voltage across 
timing C 


Output at 
pin 3 


Binary up/ 
down counter 


BCD output - 


Fig. 1: Up/down counter simplifies Conversion. 


Most digital circuits today use 
the efficient binary number sys- 
tem, while the human operators 
are accustomed and willing to 
operate in decimal numbers, 
necesitating the conversions from 
binary to bed and vice versa, at 
the peripherals. Although stan- 
dard ics like the 74184, 74185A 
and 7483, are available for high 
speed conversions, circuits using 
them become too complex and 
costly as the number of bits and 
digits increase. To overcome 
these difficulties, the counter 
technique could be used, where 
the slow speed of operation is 
not critical. Counter type binary 
to bed and bcd to binary con- 
verters are described here, which 


are simple and faster than that 
proposed by Seshadiri. 

In the binary to bcd converter, 
shown in Fig. 1, the binary 
input is preset into the binary 
up/down counter when _ the 
preset enable is /ow. 

The counter starts counting 


from that value, at the rate 
determined by its clock fre- 
quency, f, till the counter 
reaches zero. The borrow 


output goes /ow when the 
counter content is zero and the 
clock is at /ow, triggering the 
mono and hence presetting the 
inputs to the counter. 

The decade counter is reset by 
the mono and starts counting 
till the next reset pulse. The 


Electronic Engineering November 1976 


Discharged ol 
i 
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latch stores the decade counter 
output at the time of reset. The 
mono and a small delay of the 
order of 10 nsecs between the 
latch clock and the reset pulse 
ensures proper operation. The 
latch output gives the given 
binary number in the bcd format. 
The conversion time is 22/;, 
which is n times faster than that 
of Seshadiri, where n is the 
number of bits. 

A bed to binary converter, 
based on the above principle, is 
shown in Fig. 2. These 
circuits are simple and especially 
suited for higher number of bits, 
as they can be extended to any 
number of bits, without much 
increase in hardware. 


BCD input 


Preset inputs 


Binary output 


Fig. 2: Simple BCD to Binary converter. 


In certain applications, such 
as the display of a shaft-angle 
encoder output (binary), it is 
required to convert K (equal to 
K,/K,) times the given binary or 
bed input into bed or binary 
number respectively and_ this 
becomes too complex in the 
conventional method. But the 
same could be done very easily 
by the circuits proposed here, 
by introducing frequency divi- 
sions by K, and K,, as shown by 
the dotted lines in the Figs. 1 and 
two. 


S Murugesan, C Kameswara 
Rao, ISRO Satellite Systems 
Project, Peenya-562140, Ban- 
galore, India. 
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PHILIPS a 


Two New 


A new compact 50 MHz 
oscilloscope with 
comprehensive storage and 
built-in 40 MHz multiplier - 
the PM3243 


The multiplier can display both the product and 
one of the original signals. The versatile storage 
facility achieves the clearest possible display of low 
frequency signals (without flicker) and fast pulses 
(with low repetition rates). This combination of 
multiplier and storage Is ideal for analysis of 
single shot events. The PM3243 has all the 
advanced features of the PM3240 family of 
oscilloscopes — like fully triggerable delayed 
time base and high sensitivity (5 mV). 


Reader No. 151 


A new compact 25 MHz 
oscilloscope with fully 
automatic triggering and 2 mV 
sensitivity - the PM3212 


Continuous display and trouble-free auto triggering 
stem from acircuit which derives the trigger level range 
from the peak-to-peak amplitude of the signal. Adc 
coupled mode facilitates triggering of low duty-cycle 
waveforms. The double insulated power supply 
overcomes the problems of earth loops and hum by 
eliminating the need for a mains earth connection 
Another unique feature from Philips. 

Reader No. 152 


The Philips family of oscilloscopes 


High frequency Low frequency 

PM3265 150MHz *Multiplier/display switching PM3234 10MHz *Dual-beam storage 
PM3265E sBele) z. *Display switching PM3232/33  10MHz *Dual-beam 

PM3261 120MHz _ *Digital delay PM3225/26 15MHz *Low-priced 

PM3260 120 z *Wide trigger bandwidth PM3010 5 MHz *Miniscope 

Medium frequency 

PM3244 50MHz_ *Fourchannels 

PM3243 50MHz_ *Storage/multiplier 

PM3240 50MHz_ *Lightweight Write today for the fully illustrated brochure on Philips 
PM3212 25MHz_ *Double insulation oscilloscopes. 


Reader No. 153 


~A Pye UnicamLtd 


» : Philips Electronic Instruments Dept. 
York Street Cambridge England CB1 2PX 
Tel: Cambridge (0223) 58866 Telex: 817331 
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Versatile waveform generator circuit 


The circuit of Fig. 1 can be 
readily adapted to operate as a 
triangle generator, sawtooth 
generator, variable frequency 
square wave generator or vari- 
able pulse width and variable 
frequency pulse generator. It 
can be used as a voltage to fre- 
quency converter, or in many 
other applications where a volt- 
age controlled waveform is 
required. 

A reference voltage is applied 
to a low offset operational 
amplifier connected as an inte- 
grator, the reference voltage 
being controlled in such a 
manner that it can be switched 
as an input of either polarity to 
the integrator. 

The integrator output ramps 
up or down, as appropriate, 
until it reaches a predetermined 
level detected by a _ voltage 
comparator. The output of the 
voltage comparator is used to 
set a flip-flop which in turn 
reverses the polarity of the 
reference input to the integrator 
via analogue switches. 

The circuit outputs are drawn 
in Fig. 2 in the form of triangular 
and square wave outputs with 
RV1 and RV2 both set at maxi- 
mum. Using the component 


R3 100k 


Veet 


(+6, 2V) 


IN753A 


values of Fig. 1, the frequency 
can be varied over the range of 
20 Hz to 1,4 kHz by means or 
RV1. 

The range can be extended in 
direct proportion by variation of 
Ci. The amplitude of the tri- 
angular wave can be altered by 
means of RV1 which also causes 


11/10 


"e] 


a corresponding change in fre- 
quency. Variation of the mark to 
space ratio can be performed by 
adjusting the value of R3. 
Operation as a _ sawtooth 


generator with a controlled fly- 
back time can be achieved by 
keeping V1 and V2 constant, 
RV1 is used to vary the sweep 


0,01uF 


R5 100k 


R6 100k 


R7 
51k 
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time and the output is taken 
from ICI/10. If the output is 
taken from 1IC4/3, a variable 
frequency pulse generator can 
be obtained. The pulse width is 
adjusted by means of V1. 

D S Cutler, Burroughs Machines 
Ltd, Detroit Road, Glenrothes, 
Fife. 
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Special purpose analogue to digital converter 


This four bit adc provides in- 
formation about the amplitude 
of a 100 usec pulse. The con- 
verter works on the principles of 
comparators detecting 16 dis- 
crete levels. It minimises the 
number of comparators required 
by performing an analogue to 
base four conversion followed 
by a base two conversion. 

In Fig. 1 the analogue input 
signal Vs is less than 2 V. It is 
buffered by the unity gain input 
amplifier A1. The output com- 
parators C1, C2, C3 are all /ow. 
Comparator C1’s output will go 
- high when Vs is greater than 2 V, 
while the outputs of C2 and C3 
will go Aigh when Vs the signal 
voltage is greater than 4 and 
6 V respectively. 

The three comparator outputs 
form half of a base four code 
and the outputs are also used to 
switch the non-inverting cmos 
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buffers B-3. When these in- 
verters are on they drive current 
through three resistors to the 
summing amplifier A2. The out- 
put of this amplifier will be as 
shown in Table 1. 


fed into three comparators C4, 
5 and 6. These switch at the 
levels 0,5, 1, and 1,5V_ res- 
pectively, and they form the 
other half of the base four code. 

The output of comparator C2 


Vout Vs 
Ov <2 
—2V |2< Vs<4V 
—4V |4< Vs<6V 
—6V >6V 
Table 7 


So the output of A2 may only 
assume one of four well defined 
levels. This output is now com- 
bined with the original positive 
signal voltage at the unity gain 
of the summing amplifier A3. 
The output of this stage will be 
that given by Table 2. 

The output of amplifier A3 is 


Vs (volts) A3 out- 
put (volts) 
(Oor2or4or 0 +Y 
6)+Y 
(0,5 or 2,5 or 4,5 O,5+Y 
or 6,5)+Y 
(1 or 3 or5 or seu 
7)+Y 
(1,5 or 3,5 or 15+Y 
7,5)+Y 
Where Y<0,5 
volts 
Table 2 


corresponds to the binary num- 
ber 23 while that of C5 is 2'. The 
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2° bit is formed by an exclusive 
or operation on the outputs of 
C4 and C5, and oring with C6. 
Similarly, the 2? bit is obtained 
using C1 and C2 in the exclusive 
or gate and performing the or 
function with C3. 

The speed of this converter is 
limited by the switching speed 
of the comparators. This can be 
minimised by the introduction of 
speed up capacitors. 

The converter will hold dc 
levels without the latches or 
command logic that would be 
required by a counter ramp con- 
verter. It is also free from the least 
significant bit oscillation that 
would be encountered with 
continuous counter ramp con- 
verters. 


R W Hartley, Laboratory Ser- 
vices Unit, Allen and Hanburys 
Research Ltd, Ware, Herts. 
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Analogue input 
signal Ve 


Comparator C1 output | 


Comparator C2 output é 
Comparator C3 output ; 


0 


Summing amplifier 
A2 output 


Summing amplifier 


A3 output 0,5V—» 


Comparator C4 output | | | : [ | 
Comparator C5 output : | | | i l | 
Gompaleton OPsousput ps eee ee 


Fig. 2 


Filtering capacitor at output has advantages 


In power supplied where slight 
ripples of about 5 per cent can 
be tolerated or where the input 
varies widely, a filtering capaci- 
tor can be used at the output of 
a series pass regulator instead 
of the input. It has the following 
advantages: 

@ The filtering capacitor is 
protected by the regulator itself. 
A low voltage rated capacitor 
can be used without the fear 
of overvoltage appearing across 
the capacitor. 

@ Power dissipation in the 
series transistor and in the 


AC 
i bs 
nee Bridge 


Electronic Engineering 


regulating Zener diode is greatly 
reduced since instead of a con- 
stant voltage appearing across 
the voltage and the Zener, a 
ripple voltage appears as shown 
in Fig. 2. 

In the circuit of Fig. 2, the 

diode D is used to prevent the 
reverse breakdown of the series 
transistor owing to the higher 
leakage current of the regulating 
diode. 
S GH Bhatta, Universal Elec- 
trics Ltd, PO Joka via Baruipur, 
24 Parganas Pin Code WNo 
743503, Calcutta, India. 
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Designed with digital and 


analogue equipment in mind 


Coutants 
ESM POWER UNITS 


from £69"ex-stock 
(even lower cost for quantity) 


The ESM power units are designed for use with 
combined Digital and Analogue equipment. 
Each unit has a 5 Volt stabilised output with 
overvoltage protection, + 12 Volt to + 15 Volt 
stabilised output and 12 or 24 Volt which is 


unstabilised. 
SPECIFICATION 


5 Volt Line £12 Volt Line 24 Volt Line 


Adjustment 4.75 to 5.25 +12 to 15 Volt None 
Line Regulation 0.01% 0.06%+3mV As input 
change 
Load Regulation 0.03%+2mV 0.03%+15mV 20% 
Ripple and Noise 2mVp.p 5mVp.p 4 Volt p.p 


Overload Protection Trip Current Trip Current Fuse 
Overvoltage Protection 6.5 Volt _ _ 
_Input Voltages 105, 115, 125, 220, 230, 240 


ESM 15.2 


ESM3 ESM7 
UNIT 5V 4+12/15V — 12/15V 24V Sizesmm Weight 
H L Ww 
ESM3 3.0A 0.754 0.754 0.5A 125 80 240 4 
ESM7 7.0A 1.2A 1.2A 1.0A 125 125 285 7 


ESM15.2 15.0A 1.8A 1.8A 2.0A 125 190 285 11 


im, Coutant take the initiative in new technology 
COUTANT ELECTRONICS LIMITED 


— Trafford Road, Reading RG1 8JR 


Tel:0734 55391 Telex: 847519 
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Prizes in the 1976 Applied 
Ideas competition will have 
a total value of £1000. 
This is the third annual 
Applied Ideas competition, 
and this year’s joint sponsor 
is the Reading-based com- 
ponents distributor Celdis. 
Prizes will again be awar- 
ded for the best Applied 
Ideas published in E/ec- 
tronic Engineering during 
the year. Originality, suita- 
bility, elegance, adaptability 
and general usefulness will 
be taken into account. 
Contributions should give 
a full but concise account 
of purpose, along with de- 
sign criteria and an indi- 
cation of performance. 
Entries must be from 
named individuals and must 
not have appeared pre- 
viously outside the origi- 


nating establishment. A 
contributor’s fee of £10 
will be paid on publication. 

Applied Ideas must be 
typed, using only one side 
of the paper, with double 
spacing and wide margins. 
Illustrations must be drawn 
clearly on separate sheets. 
They should be captioned, 
show component values 
and type numbers, and 
indicate test voltages and 
waveforms where appro- 
priate. Entries should con- 
form to the usual style of 
the journal. 

Please send entries to the 
Applied Ideas editor, E/ec- 
tronic Engineering. Morgan- 
Grampian House, 30 Cal- 
derwood Street, London 
SE18 6QH. 

The Editor’s decision in 
all matters is final. 


electron 
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Posters are available on the 
theme of applied ideas. The 
original drawing was pro- 
duced by Heath Robinson 
for the first issue of E/ec- 
tronic Engineering way 
back in 1928. Drawn in 
Robinson's classical style, 
the cartoon depicts early 
ideas for the development 
of television at a time when 
exciting changes were oc- 
curring in the engineering 
industry. 


Robinson's ideas were 
of course very bizarre so it 
is not surprising that the 
innovations he_ illustrated 
during those early days 
never left the drawing 
board ! 


However E/ectronic Engi- 
neering has chosen to re- 
print several copies of this 


Heath Robinson cartoon in 
order to stimulate the 
creation of design ideas 
and to provide a pleasant 
covering for any empty 


spaces on walls in the 
office, lab or even the 
home. 


If you wish to obtain a 
set of posters (which com- 
prises two large posters and 
two A4 reproductions of 
the cartoon) just send 25p 
in the form of a cheque or 
postal order (no cash 
please) made payable to 
Morgan Grampian Ltd. Post 
and package is included in 
the price. Requests for the 
poster should state name 
and address and be sent to 
the Editor at the address 
given on_ the _— facing 
page. 
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Designed with p processor 


based systems in mind 


Coutants 


EMP P 


Each model provides 5 


NITS 


volts and 


+ 12 volts. All outputs are protected against 
overload and 5V Rail has overvoltage protection. 


SPECIFICATION 


4 Output Rails 
Voltage Adjustment 
Line Regulation 
Load Regulation 
Ripple 


Current: 

Unit 

EMP3 

EMP7 

EMP15 

Input Voltages 


EMP 7 


5 Volts 5 — Ov EDN 
4.75-5,25 4.75—9.25 Fixed 
0.01% 0.06%+3mV 0.06%+3mV 
0.03%+2mMV 0.03%+15mV 0.03%+15mV 
2mVp.p 5mVp.p 5mVp.p 
3.0A 0.5A 0.25 

7.0A 1.0A 0.25 

15.0A 2.0A 0.5A 


105, 115, 125, 220, 230, 240 


Coutant take the initiative in new technology 
COUTANT ELECTRONICS LIMITED 


Trafford: Road, Reading. RG1 8JR 


Tel:0734 55391 


Telex: 847519 
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distributors. 


onsanto Optoisolators 
Reliability backed by facts 


Quality, Reliability, Cost Savings. 

Monsanto substantiate these 
important facts in a ‘Reliability Evaluation 
Report’. Copies are available on 
request. 

The Report underlines that 
Monsanto’s constant development in 
materials and process technology 
significantly improves quality 
and reliability. Monsanto 
standard optoisolators offer i. < 
more choices of output WSN 
configuration - to perform more 
functions - than those of any other SS 
manufacturer. Supplies are available 
immediately, and in quantity from 


To obtain a copy of 
the Report, or 
catalogue of products 
please complete and 
post the reply coupon to: 


Monsanto Limited, 
Electronics Division, 
10-18 Victoria Street, 
London, SW1H ONQ. 
Telephone: 01-222 5678 


a SS SS 
Output Format Package Types Min. Current Transfer Min. DC Isolation | Distributors in Great Britain: 
Ratio Voltage (V) bie 

Transistor 6 Lead Plastic DIP — 6°%/o-100°o 1500-3550 Semicomps, London 
Transistor 8 Lead Plastic DIP Colney 

(Dual Channel) 6°/0-20°/o 1500 Tel. Bowmans Green 24522 
Transistor TO-18 Metal Can 15°%o 1000 Kelso, Scotland 
Darlington 6 Lead Plastic DIP — 100°/o-200°/o 1500 Tel. Kelso 2366 
Diode 6 Lead Plastic DIP 15°%o 1500 , 
Diode TO-18 Metal Can 10% 1000 setmicone pe ot 


Specialists (UK) Ltd., 


Output Format Package Types Forward Blocking Yiewsley, West Drayton 
Voltages (VFXM) j : : 
SCR 6 Lead Plastic DIP 200V-400V 1500 ela patentee 
2 SCR’s (Connected Anode Tale avin Sane 31967 
to Cathode) 8 Lead Plastic DIP 200V 1500-2500 : g 
Output Format Package Types Typical Bandwidth S.D.S. Components Ltd. 
Portsmouth 
Logic Gate 8 Lead Plastic DIP}  0.1MHz-1.0MHz 2000 Tel. Portsmouth 65311. 
(IC) @ (IF, VCE) Sends ‘ eae ‘ : 
Transistor Slotted Limit Switch 50uA @ 20mA, 10V ne tants ce OERCnae | oe ee 
200uA @ 20mA, 10V ‘ 
Darlington sisted LimieSwteh6mA @ soma, Po 0 = Sepig ero) ena oot cattege 
2.0mA @ 16mA, 1V 
Darlington Reflective Sensor a. See ge Sh. Balk pe kT i 9 aie nen =~ 
Switch 50uA @ S0mA,5V | Name Position 


Monsanto 


Organisation Address 
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our 


back panel 


systems put your 


versatility of solderless wire-wrapping. 


Our Press-Fit solderless interconnection 
system offers total flexibility for back panel 
design using either double-sided or multi-layer 
PC boards. Your specifications and our unique 
Press-Fit system will produce a board complete 
with connectors that is custom built for you. 


connection system made to your specifications. 
Because it is such a high density system, it’s proved 


Varelco’s high density Press-Fit PC board 
back panel system is a real money-saver It gives 
printed circuit economy and reliability plus the 


needs up front. 


ganaensee® 
Pere lacs 


\ 


very popular in the computer equipment field. specifications. 


Variplate*'s metal plate provides a low 
impedance ground plane with excellent circuit 
Stability which makes it ideal for high speed signal 
applications. In addition to the ground plane, 
Varelco has developed a voltage plane power 


“GREAT CONNECTIONS WORLDWIDE” 


Varelco Limited 


Tel: Newmarket 4516 Telex: 81519 


distribution system which allows individual contacts 


to be attached to the voltage planes as required. 
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With fewer wired terminations, reliability is 


: increased and your production and assembly 
Varelco’'s Variplate* is a metal plate back panel costs reduced. 


Varelco has what you need in cost-effective 
back plate systems... all we need are your 


Exning Road Newmarket Suffolk England CB8 OBB 


“Trade Mark 


“ -~/ Varelco 


C *—/ Limited 
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Testing semiconductors 
is expensive. 


Not testing semiconductors 
is very expensive. 


The moment a dud semiconductor reaches 
your production line, it starts costing you money. 

And it's generally reckoned in the business 
that the cost multiplies tenfold at every stage. 

By the time it reaches your quality control 
point, a sub-assembly containing a 10p integrated 
circuit could well be worth £10 or more. But, if it 
doesn't work, it's actually completely worthless 
(and if it gets as far as your customers it can 
cause a lot of trouble, too). 

And all because you didn't test your IC when 
it came into your factory! 

Automatic testing equipment from Fairchild 
Systems Technology isn’t cheap—but it’s much | 
cheaper than letting untested ICs onto your 
production line. 

Fairchild, one of the biggest companies in 
the world in this field, have a complete range of 
systems for testing anything from the simplest 
diode to the most complex of memory circuits. 

They're versatile, reliable, adaptable (they'll 
work as well with your future products as with 
your current ones), proven in practice- and so 


simple that they can be used by unskilled 
operators! — 

For the full story—both 
economic and technical— 
send off the coupon 
below. 
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Global Walsh function generators 


Walsh functions are widely used for on-line discrete information 
processing applications but there are several types available. Using 
basic definitions and transformations, S. Tzafestas, G. Frangakis 
and 7. Pimenidis show how circuits can be designed which provide 


Walsh functions constitute a family of 
binary orthogonal functions that find 
important applications in many engin- 
eering fields such as two dimensional 
image transformation, sequency filtering, 
spectroscopy, multiplexing, speech syn- 
thesis and analysis. Recently the Walsh 
series approach has been used in optimal 
control problems and state space analy- 
sis. This seems to be a promising way 
of developing fast solutions to problems 
concerning optimal filtering and para- 
meter estimation. 

Although Walsh functions and trans- 
forms can be generated by software, 
generation by hardware is preferred in 
applications requiring special purpose 
computing for on-line processing. 


Walsh function definitions 

Walsh-Kacmarz ordering is a well 
known Walsh function definition. 
Walsh’s 1923 definition defines the two 
valued orthogonal functions  fx(x) 
for k=2,3, etc, as: 


f\(2x), 0<x<4 (1) 
fx(x) = ( 


(—1)* Hfi(2x—1), $<x<1 


This has initial values f,(x) = 1, 
O<x<l, and f\(x)= +1, 0<x<4, 
f(x) = —1, 4<x<1. Here | = [k/2] 
= integer part of k/2. The resultant 
Walsh-Kacmarz ordering of f(x) has the 
property that the rt function, f;(x) has 
exactly r jumps on the interval [0,1). 

It can be seen that f(x) takes only the 
value +1 or —1 on each of the 2" equal 
subintervals [m/2", (m+ 1)/2") form = 0, 


Mr Frangakis and Mr Pimenidis are associated 
with NRC Demokritos in Athens and Patras 
University respectively while Prof Tzafestas is 
involved with both organisations. 


Basic walsh - 
kacmarz 
generator 
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any Walsh function type desired. 


1,.., 2"—1 of the interval [0,1), where n 
is the smallest integer such that k<2", 
The n by n matrix Wa(n = 2,3,..) with 
elements on the kt» row the values +1 
and —1 of fx(x), k<2, on all sub- 
intervals of [0,1) is known as Walsh- 
Kacmarz matrix. For example, 


sects aste te op ify 
soe as = Ses Sal 
se ae ee ae pe 
Wr= |e +a fs (2) 
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where “‘+” and “‘—” represent +1 
and —1. Observe that W, (in general 
W2) is symmetric, so that its columns are 
also Walsh functions ordered in the same 
way as the rows. 

The second formula due to Kacmarz 
is: 

fx(k,x) = 
N-1 


exp ri {> ev. m@ky— m= Xm 


m=0 
where > and @ denote modulo—2 


addition, N = 2" is the size of the Walsh 
matrix to which ww (k,x) belongs, and 
km,Xm are the digits of the binary expres- 
sions of k and x correspondingly. 

The next ordering known as Walsh- 
Paley is based on the Rademacher func- 
tions Rn(x) defined as: 

Ra(x) = 


en 1)/2" 


(n>1) (3) 
—1,(2k-++1)/2"<x<(2k+2)/2" 


Fig. 1: The structure of a global parallel 
Walsh generator. 


Hadamard 


” 


for 0<x<1, withk = 0, 1,..., 22-1 
and an initial function of Ro{x) = 1, 
x <[0,1). From equations 1 and 3, 
Rn(x) = f on— (x). The Walsh-Paley func- 
tions Yx(x), k<2" are defined by the 
products: 


Yes) = RE™EQRE™-1 GY. RE 
m m-1 1 


(4) 
with Yo(x) = Ro(x), where km, km_1,.., 
k, are the digits in the dyadic expression 
of k ie, k = kmkm_,... k,. The Walsh- 
Paley matrix W’n(n = 2,3...) isann by 
n matrix with row elements the values of 
the functions Yx(x), k<22, 


For k.= 3 
SP pete Grae ae) Ory 
efits: Ste ete a Ve 
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A compact formula which defines the 
Walsh-Paley functions is 


N-1 
Zy(k,x) = exp [Fi> kmxm} 


m0 

For Walsh-pattern product ordering 
let p be a pattern of +1s and —1s, 
representing the values of a Walsh 
function, and define the basic patterns as 
0=11, T= 1-1, together with the 
pattern products 0.p = pp (the pattern 
p followed by itself) and I.p = p—p (p 
followed by the pattern which has the 
negations of the elements in p). If 
p=1=1-1, then p’=0.p=1—11-1 
and p” = Ip’ = 1—1 1—1—1 1-1 1. 
The first 2" Walsh functions can be 
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Output 
functions 
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obtained by forming all possible pro- 
ducts of n factors, each one being a basic 
pattern. This implies that a Walsh 
function can be defined as a basic 
pattern or the pattern product of a 
Walsh function and a basic pattern. The 
Walsh-pattern_product ordering matrix 
is denoted by Wn. The matrix Wi is: 


S+tetetH+ 
+-+-+4+-4+- 
en ++—--+4+-- 
W;= |+ +- +} © 
++44+---- 
4+—-+--4+-+4+ 
++—----++4 
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Hadamard matrices, the fourth defini- 
tion so far are denoted by Hn where their 
order N is equal to N = 0 (mod 4). The 
simplest Hadamard matrix construction 
is obtained for N = 2. (n=0,1,..). 
In this case, the matrix 


fee 

{Hn —Hy 

is a Hadamard matrix of order 2N. The 
rows and columns of a Hadamard 
matrix are Walsh functions denoted by 
h(x) where the ordering k is called 


Walsh-Hadamard ordering. The matrix 
Hg is given by: 


G= 


Basic generator 


ae 


Fig. 2; Walsh-Kacmarz generator. 


Fig. 3: Walsh-Kacmarz for N=2°. 

Fig. 4: Global parallel generator. 
+++ t+ t+ t dhe 
P—-+—-+-—4+- |b 
++—--++-—-— he 

H,= | + ++ + {hs (7) 
p++ + — — |hy 
t AF ar + th, 
++—--—-— +t the 

i +— ++ —Jh, 

From equations 6 and 7, H, = Ws. In 


general Hn = Wn for N = 2. 

The Walsh-Harmuth functions walx 
(x), k = 0, 1, 2, 3, are defined for x in the 
interval [—4, 4) as: 
wales p(x) = (—1)U/21+P 


(wal, (2x nes 5) +(-Di + pwaly (2x -5) 
(8) 


where again [a] denotes the integral part 
of a, and p takes the values 0 or +1. 
When p = 0 the even functions cal;(x) 
= wal,i(x) are obtained and when 
p=+1 the odd functions sali(x) 
= wal,i+.(x) appear. Some properties of 
the Walsh-Harmuth functions are: 
cali(x)calx(x) = cali@x(x) 
sali(x)cali(x) = salx @(i—1)+1(X) 
sali(x)sali(x) = cali 1) @(x- 1) 

The matrices Wa associated with 
walx(x) are called Walsh- -Harmuth mat- 
rices. The matrix W; is: 


+4+t+++++4 |calo=walo 
——-—-—+4+++ |sal,=wal, 

= SPP ars cal,=wal, 
W3= |++ sot sal,=wal, 
+ shan + |calo=wal, 

Paes ar + |salz=wal, 
—+—-++—4-— |cal;=wal, 

Pe opera sal,=wal, 

(9) 


The final ordering discussed is based 
ona Rademacher function in the interval 
[—4,4), denoted by Ra(I,x), which is a 
string of —1s and +1s. Associated with 
R2(1,x) are new Walsh-Paley functions 
defined over [—4,4) and constructed 
again by a product similar to that in 
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equation 4. The only difference between 
the Walsh-Paley functions based the 
interval on [0,1) and on [—4,}) is that 
they are inverse to each other. Hence if 
Wn is the Walsh-Paley matrix on 
[—4,4) then Wn = —W'n = (n = 
2,3, ..), where Wn is given by equation 
five. 


Walsh matrix transformation 

A given N by N Walsh matrix can be 
converted to another N by N matrix by 
an appropriate transformation matrix T. 
Since all Walsh matrices of a given size 
contain the same rows in different order, 
the transformation matrices contain only 
a single one at each row, the remaining 
elements of the row being zero. Consider 
the transformation W,T’, = W’;. From 
equations 2 and 5: 
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changes the rows of Ay. A one in the 
(i,j) th position of T’; implies that the 
jth row ((j—1)th function) of W’; is 
identical to the ith row (i—1)th func- 
tion) of Ws. This observation is true in 
all cases where the interval of x does not 
change. It can be used as a rule for 
writing down the transformation matrix 
between two Walsh matrices of the same 
size. So, from equations 2 and 6 for 
W,T; = W; = Hethetransformationis: 


A [2 €o &3 Co Co Cy Cy = 
~ Leo €1 €p €3 €y Cy Cy Cy (11) 
where e: (i = 0, 1,2,3,4) are 4-dimen- 
sional column vectors as shown in 
equation 11. = Se fae 
The transformation T; in W,T; = Ws; 
from equation 9 (where I, is found to be 
the 2 by 2 unit matrix) is found to be: 


11/0 000 0 06 
fOi-l 010 0 0 00 
DE O=1)0,0 0 0 0 
T,=]0 0° Of 010 oo 
0 0 O01} 0 0 0 
0 0 0001 “blo 
O50" 20000" | 20,0 
lo 0 000 O Ori 
‘eae 
felt 0 
= Aen (12) 
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Fig. 6. A sequential Walsh-Pafey generator. 
Fig. 7. A sequential Walsh-Hadamard generator. 
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Fig. 8. A sequential Walsh-Kacmarz generator. 


Sign inversions occur in this trans- 
formation because there is a shift of the 
interval [0,1) to [—4,4). Equations 10-12 
give the transformation matrices of 
size 8 by 8, but they can be generalized 
for any matrix size. Denoting T’, as 


Asi 0 
T= on we find by induction 
0 'PsA, 


0 A 
Pat iAati = : 
PgAq|0 


for q = 2, 3, etc. Concerning T. and T, 
we have T, = [esjesie,ie,] and 


T = 
sores oie Boe EAcolest ce | 


CC! eve o'Soes Ege olen eo€oleoes 


from which the rule of augmenting the 
size of Tn is obvious. __ 

From equation 12, Ty is a diagonal 
matrix involving —I, and I, alternately 
as many times as required. The forms of 
T; can be established by inspecting the 
definition equations 1 and 8. 


Parallel generation 

Walsh function generation may be 
parallel or sequential. In parallel genera- 
tion @l elements of each column of a 
Walsh matrix are simultaneously gener- 
ated, whereas in the sequential type 
only one element of each column is 
generated each time. 

The global parallel Walsh function 


Fig. 9. A sequential Walsh-Harmuth generator. 
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generator has the general structure of 
Fig. 1. The basic generator section is 
designed to generate the Walsh-Kacmarz 
matrix and other Walsh matrices are 
produced by feeding the Walsh-Kacmarz 
outputs to combinational circuits and 
controlling the lines Ky, Ka, etc. To 
generate the matrix W; from equation 2, 
the logic code (+)—1 and (—)-0 is 
used. One way to generate the Walsh- 
Kacmarz function is by modulo addition 
of the Rademacher functions Rj. These 
coincide with the bcd code 8-4-2-1 and 
can be generated by a bcd counter. 

W, is generated using a 3-bit counter to 
produce R,, R, and R, and construct 
fii = 0, 1, . 7) from table 1 where 
R,R,R, is defined according to the Gray 
code. 


Table 1 


~ 


=e eS eS OOOO 
COnerHoo 
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0 
1 
2 
3 
4 
5 
6 
7 


Using Table 1 the basic Walsh-Kac- 
marz parallel generator has the circuit 
shown in Fig. 2. The counter is an 
asynchronous ripple-through type but at 
high speed a synchronous counter may 
be needed. The circuit is expandable to 
any order n as shown in Fig. 3 by setting 
switch Si to the on position. 

The detailed circuit of the global 
parallel generator which provides the 
matrices W, (Kacmarz), W’s (Paley), 
Wa (pattern product), Hs (Hadamard), 
W, (Harmuth), and W”; (Paley for 
—4<x<}) is based on the correspond- 
ing transformation matrices T’,(equ. 10), 
T,(equ. 11), "T;(equ. 12) and T”; = —Ig, 
is shown in Fig. 4. Whenacontrol line Ki 
is set at logic one at the outputs Z; (i = 0, 

. .) the Walsh functions are obtained 
in the corresponding ordering. The Walsh 
functions of all types can be produced by 
setting all control lines at one and taking 
the outputs from the corresponding and 
gates. 


Sequential generation 

The block diagram of the global 
sequential Walsh function generator has 
the structure of Fig. 5. The counter I 
generates the Rademacher functions 
R;(x). The number of the Walsh function 
row to be produced is written into 
Counter-Register II in binary form. 
Channel C, the control unit (channel Ki) 
and the combinational circuit determines 
the type of functions to be generated. The 
combinational circuit realizes the Walsh 
function transformations in serial form. 
An entire Walsh matrix can be generated 
by feeding the overflow of the counter 
back to the control unit and successively 


November 1976 


Fig. 10. A combinational circuit for a 
8 x 8 global sequential Walsh function 
generator. 


increasing the content of the register- 
counter II (line V). The combinational 
circuit performs the required exclusive 
nor of the quantities Ryw’;. 

Walsh-Paley functions are obtained 
from the circuit of Fig. 6. This has the 
structure of Fig. 5 with the combina- 
tional circuit being the direct connection 
of wj and wj. To generate the Walsh- 
Paley matrix W’s, only three bits of the 
Tregister-counter II, bits b,b,b, are used 
and switch S, is closed. 

The Walsh-Hadamard generation cir- 
cuit of Fig. 7 is the same as Fig. 6 
except that the content of the register- 
counter II is fed into and gates in reverse 
order. This is achieved with the aid of the 
combinational circuit (within the broken 
line) which interchanges the Isb with the 
msb to generate the Walsh-Kacmarz 
matrix utilised the circuit of Fig. 8. Here 
the combinational circuit is a decoder to 
Gray code having the logic equation 

Gi = Bi@Biy1. 

Finally the Walsh-Harmuth matrix 
has the same circuit as Fig. 8 but pro- 
vision is made to obtain the functions 
“cal” and “‘sal” at the output. This can 
be achieved by connecting a decoder at 
the output of the register-counter which 
recognizes the even (cal) and odd (sal) 
functions and controls the output of 
Fig. 8 as shown in Fig. 9. Alternatively 
the bit bo of register-counter is set to 
zero, the number j is written in positions 
b, b, . . . bn, and the content of the 
register-counter shifted by one position 
to the right. This gives calj(x). To obtain 
salj(x) set bo = 1, and write the number 
j—1 in positions b, by bs... bn. The 
complete circuit of a 8 by 8 global 
sequential Walsh function generator 
combines the circuits of Figs. 6-9 as 
shown in Fig. 10. 

All existing Walsh function definitions 
have been directly compared and trans- 
formed. Global parallel and global 
sequential generators have been 
designed to provide all Walsh function 
types either separately or simultaneously. 
Hopefully any confusion which may 
arise by looking at the diverse literature 
available on Walsh functions has been 
eliminated. 
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Substrate materials are critical for 
microwave stripline design 


In many areas of electronics material considerations are unimportant but 
in the realms of microwave applications, circuit designers have to be aware 
of the limitations the material used imposes on the design. Elaine Williams 
looks at the effect of materials on stripline design in the light of developments 


The increasing interest in the develop- 
ment of optical communications will 
put more pressure on microwave sys- 
tems engineers to produce smaller and 
more flexible equipment. One area in 
which this size reduction has already 
taken place has been in the replace- 
ment of heavy hollow pipe waveguides 
and coaxial components with light- 
weight flat pack circuitry—generally 
known as stripline—for a variety of 
applications. 

Such applications have been in the 
design of such components as filters, 
directional couplers, microwave 
switches and attenuators, power divi- 
ders and phase shifters. There has even 
been investigations carried out into 
the use of stripline in high speed com- 
puter circuits. 

The advantage of using stripline in 
microwave applications is enhanced 
by the fact that the behaviour of strip- 
line can be determined by a slight 
adaptation of the existing theory. For 
practical purposes the stripline is con- 
sidered to be a flattened form of 
coaxial cable and as with coaxial 
cable it is particularly versatile com- 
ponent with which to work. 

Basically stripline consists of a pat- 
tern of conductive strips which are 
etched from a copper laminate. The 
stripline forms not only the connections 
but also the critical passive components 
such as capacitors, inductors and 
filters. The values of these circuit 
parameters have a great dependance 
on the physical and dimensional 
properties of the dielectric used in the 
laminate. 

One of the greatest problems for the 
circuit designer is the variability of the 
dielectric properties from. one batch of 
laminates to another. It is this area 
where the material supplier should be 
more sensitive to the needs of the 
circuit designer to supply the necessary 
balance of properties. 

Microwave designers working in the 
stripline field must then be aware of 
the physical limitations of the product 
being used and must compensate for 
the range of characteristics the strip- 
line may exhibit. However stripline 
circuits have some useful properties as 
compared with conventional systems. 
The shielded open faced form with a 
ceramic substrate—which is known as 
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of substrate manufacture. 


microstrip—can easily incorporate solid 
state devices. 

Stripline circuits normally comprise 
a narrow flat strip of copper sand- 
wiched between two outer layers of 
dielectric. The outer surfaces are then 
etched with copper foil. For the most 
common single registration type of 
stripline the circuit is photoetched on 
one side of the copper clad laminate. 
The circuit is then laid against the 
insulating face of a single clad board. 
The sandwich so formed is held to- 
gether either by clamping, using eye- 
lets or by thermocompression bond- 
ing. The connections are made either 
at the edge of the package or directly 
through one side. 

The performance of the circuit is 
highly dependant on the dielectric 
constant and thickness of the sub- 
strate material. The thickness affects 
the characteristic impedance of the 
circuit. The consequence of this is that 
the characteristic impedance cannot be 
controlled any closer than the manu- 
facturing spread in dielectric thickness. 
For example, the tolerance of a 31,25 
mils laminate is +5 mils, so that the 
percent variation possible is 32 percent. 
The characteristic impedance of a 
given width strip will also vary over 
roughly this range. Although for 
laboratory work the linewidth can be 
adjusted for each board it becomes an 
intolerable situation in a production 
environment. 

The degree to which the dielectric 
constant and thickness becomes im- 
portant varies with the application. 
The design of antennas for example 
requires a close control on the dielec- 
tric constant, because of the need for 
an accurate control on pulse delay. 
The dielectric constant controls the 
propagation time but the circuits can 
often tolerate a variation if there is 
adequate power available to compen- 
sate for any mismatches which may 
occur in the circuit. 

In the microwave circuit area all the 
parameters require fine control. The 
resonant frequency of the strip and the 
phase relationships of signals follow- 
ing different paths all depend on the 
dielectric constant. However the 
characteristic impedance and all other 
impedances are directly related to the 
ratio of strip width jto dielectric thick- 
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ness (and only on the square root of the 
dielectric constant). 

So the dielectric constitutes an 
important part of the laminate as the 
properties it exhibits hold the key to the 
correct design of the circuits. The most 
used dielectrics are irradiated polyole- 
fin, crosslinked polystyrene, ceramic 
and glass reinforced ptfe. In fact 3M 
has developed a ceramic powder 
filled tfe resin which can be substituted 
for alumina in both L band and X band 
applications. 

Substrates can be very sensitive to 
not only changes in parameters such 
as pressure and temperature but to 
variations in environmental such as 
moisture. Also the amount of sensitivity 
exhibited by stripline circuits can be 
affected by the type of package such 
as the bonded or eyeletted types. 

In fact it has been shown that direct 
bonding of the stripline interface can 
make the circuit largely insensitive to 
moisture, thermocycling and vibration. 
Direct bonding appears to produce a 
stripline circuit which can meet the 
initial performance specifications and 
maintain them under various adverse 
conditions imposed during storage and 
operation. 

Most materials are unfortunately en- 
dowed with both debits and credits. 
The first two materials mentioned have 
low losses but have a relatively low 
operating temperature range of around 
100°C. For circuit applications which 
require thermal cycling the dimensional 
stability of polyolefin circuits become 
extremely suspect while ceramics are 
suitable for unshielded microstrip ap- 
plication but are not desirable for strip- 
line circuits which require large areas. 
Also ceramics are not easily machined, 
bent or clamped. Polyphenylene oxide 
and ptfe laminates have high thermal 
resistance and good dimensional stabi- 
lity at the expense of having a relatively 
low dielectric constant. 

Materials such as alumina although 
being a difficult material to work with, 
has a high dielectric constant. This con- 
stant affects the size and radiation loss 
of the circuit and the greater the value 
of the constant the smaller the circuit 
size may be. Alumina ceramics can 
have a dielectric of the order of nine 
which reduces the wavelength in the 
substrate to one third of the free space 


November 1976 


value. This can be determined from the 
relationship 4 = n0/+/K (where 2 is 
the stripline wavelength, Ao is the 
freespace wavelength and K is the 
dielectric constant). j 

This wavelength compression has 
another advantage besides reducing the 
circuit size. Since the wavelength 
is much shorter than the free space 
value, little radiation of energy takes 
place even from a microstrip pack- 
age in which the circuit has only 
one ground plane and is open to 
the air. Also because free space is 
available above a microstrip package 
small solid state devices can be intro- 
duced into the circuit without having 
to provide any extra cavities in the 
dielectric to accommodate them. 

Any new materials should then com- 
bine the flexibility and large size 
capability of the glass/tfe laminates 
and the high dielectric constant of 
alumina. In fact 3M claim that its 
substrate (trade named Epsilan 10) 
goes a long way to fulfilling these 
requirements. The material has a di- 
electric constant of around 10,3 which 
is comparable with alumina but it is 
easily cut and is capable of large sheet 
size. 

The company hastried to eliminate the 
customary bonding film for adhering 
the copper foil to the substrate. 
Usually the bonding film is an unfilled 
thermoplastic and these tend to soften 
at soldering temperatures and cause 
dielectric discontinuities. Since the 
copper in Epsilam 10 is directly 
bonded to the substrate the bond is 
essentially unaffected by heat, mois- 
ture vibration and the detrimental 
effects of thermocycling. 

The ability to work materials is an 
important factor since in many appli- 
cations the circuit is required to be 
bent or cut into various configurations 
such as in wrap around antennas or 
phased array antennas. Epsilam for 
example can be cut with a shear or 
razor blade and serves as a useful 
prototype material where ceramic will 
eventually be required. It can retain its 
curvature to which it is formed much 
better than tfe/glass so that extra 
stressing of the copper is not required. 

The choice of method for making 
connections to such materials ob- 
viously depends on whether the sub- 
strate is ceramic or glass/tfe based and 
some conventional methods may be- 
come inapplicable if the substrate 
materials is too soft. 

In thermocompression bonding the 
hot stage (around 300°C) often 
softens the substrate too much and 
it may deform. Pulse or ultrasonic 
bonding would be more suitable for 
non-ceramic based materials to prevent 
loss in circuit performance. 

When actually etching out the cop- 
per to form the circuit, care has to be 
taken to ensure that the process does 
not have any detrimental effects on the 
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Copper 


Fig. 17: This cutaway view of a simple stripline shows the flat strip 
of copper sandwiched between two outer /ayers of dielectric. 


performance of the circuits once 
formed. Shrinkage may occur during 
etching or there may be increased line 
attenuation due to moisture absorbed 
during processing. In many cases this 
can be negligible when dealing with 
low frequencies of operation. 

Taking Epsilam 10 as an example it 
is recommended that the etched circuit 
should be baked for two hours at 180°C 
to 200°C if the circuit is to operate 
above 2 GHz. If processing chemical 
remains when the water is removed by 
baking the dielectric may become 
sensitive to re-absorption of water. 
Retained chemicals could have an 
adverse effect on the copper or addi- 
tional metallization. Also if any acidity 
is present when the copper is rinsed 
there may be a possibility of reprecipi- 


tating the copper from the absorbed 
etching solution. 

Every material has its applications 
and limitations. The substrate men- 
tioned has been developed specifically 
as a microwave substrate for applica- 
tion from one to 10 GHz. It is a low 
cost material compared with con- 
ventional materials and is ideal in 
prototyping applications and for fabri- 
cating microstrips such as power 
dividers and matching networks. If 
microwave circuitry is to become more 
flexible the industry needs more 
materials such as Epsilam 10 which 
can provide several advantages under 
certain conditions, of both ceramic and 
glass/tfe type substrates while also 
providing a benefit in cost reductions 
to the circuit designer and fabricator. 


Fig. 2: This shows the comparative sensitivity of the normalised 
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resonator Q for three constructions to temperature variation. 
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Radar detection in log-normal 
Clutter examined statistically 


Radar detection in clutter has been viewed as exploiting the difference 
in Doppler spectral characteristics between target and clutter writes 
DC Schleher. This article examines radar detection from a statistical 


Historically, radar detection in clutter 
has been viewed as a problem of 
exploiting the difference in Doppler 
spectral characteristics between the 
target and the clutter. However, in 
many practical situations the target and 
clutter spectrums overlap, making 
Doppler filtering ineffective. The prob- 
lem then becomes a statistical detec- 
tion problem whereby the clutter 
becomes an interfering background. 
The amplitude probability density 
function and the power spectral den- 
sity are important in this type of 
problem. A clutter model assumed by 
early workers was that of many inde- 
pendent randomly phased scatterers. 
It is well known that envelope detec- 
tion of this process produces a Ray- 
leigh amplitude distribution. However, 
measurements on real clutter reveal a 
substantial depature from the Ray- 
leigh statistics. A log-normal type of 
distribution in many cases fits the 
experimental data. Valenzuela, who 
analyzed the mechanism for generating 
non-Rayleigh type distributions for sea 
clutter, conjectured that the amplitude 
probability distribution of sea clutter 
could be described by distributions 
that vary from the Rayleigh to the log- 
normal. This conjecture brackets most 
known experimentally determined clut- 
ter distributions, and radar receivers 
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designed on this basis would accom- 
modate a very broad class of clutter 
characteristics. 

The statistical detection of radar 
targets in a clutter background can be 
approached using a Marcum Swerling 
approach. This approach assumes that 
independent samples of clutter and 
target-plus-clutter are available, and 
applies to situations where scan-to- 
scan integration techniques are utilized. 
The advantage of this approach is that 
it allows a direct comparison between 
the detection performance in Rayleigh 
and log-normal clutter. 

The performance in Rayleigh distri- 
buted clutter is readily obtained by 
noting that envelope detected Ray- 
leigh distributed clutter produces the 
same probability density function as 
envelope detected receiver noise. 
Therefore, the Marcum-Swerling per- 
formance curves can be directly ap- 
plied to the problem. In addition, the 
performance of several suboptimum 
receivers in Rayleigh clutters can be 
inferred from previous analysis of the 
logarithmic detector, binary detector, 
and median detector. 

The principal contribution of this 
article is the determination of the opti- 
mum performance obtainable in log- 
normal clutter and the identification of 


Figs. 1 and 2 show detection prob- 
ability for log and linear 
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practical receivers that approach this 
performance. This advances the work of 
Trunk and George who analyzed both 
the linear receiver (linear envelope 
detector with linear integrator) and 
median detector but made no attempt 
to assess their optimality. Both these 
detectors provide relatively poor per- 
formance as compared to the optimum, 
while the logarithmic and binary de- 
tectors provide performance that ap- 
proaches the optimum under certain 
conditions. In addition, the perform- 
ance in Rayleigh and log-normal clutter 
is compared for the various detectors 
analyzed and for the optimum, allow- 
ing the radar designer to estimate the 
variation in performance for different 
receiver selections if the two types of 
clutter exist in the same field. 


Marcum-Swerling analysis 
The Marcum-Swerling analysis is an 
application of statistical decision theory 
to detection problems. This theory pro- 
vides an optimum procedure for decid- 
ing between the alternate hypotheses 
of clutter alone or signal plus clutter. 
Central to this method is the forma- 
tion of the logarithmic LR test that 
specifies the optimum receiver struc- 
ture or detector law to be applied to the 
input signal. In general, the receiver 
structure consists of a zero memory 
non-linearity followed by a_ linear 
integrator. For 
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clutter the resulting detector law con- 
sists of the log 10(v) detector that is 
approximated by a linear detector with 
quadratic curvature for small signal-to- 
clutter ratios. 

Under the Neyman-Pearson criteria 
the decision threshold value is deter- 
mined by fixing the probability of false 
alarm at a specified value. The Ney- 
man-Pearson criteria provides an opti- 
mum test for the radar case. 

When the Marcum-Swerling analysis 
is applied to the log-normal clutter 
situation, an immediate problem is 
encountered—the likelihood ratio can- 
not be found in closed form. This is 
a consequence of the lack of an analy- 
tic expression for the probability den- 
sity under the signal plus clutter hypo- 
thesis. The net result is the likelihood 
ratio can only be obtained numerically 
and a general form for the optimum 
receiver in log-normal clutter cannot be 
obtained. 

In this article an alternate procedure 
is followed. A Chernoff bounding pro- 
cess is determined following a method 
described by Van Trees. This allows the 
optimum receiver performance to be 
closely approximated by an Edgeworth 
series expansion. Then the perfor- 
mances of practical receiver structures 
are evaluated and compared against 
this performance bound, to determine 
quasioptimum receivers. 

Receiver performance is determined 
using a characteristic function ap- 
proach in which the transforms are 
evaluated using the Fast Fourier Trans- 
form (FFT). The availability of the FFT 
makes this approach viable with a 
practical amount of computer time. 


Detector performance 

The linear receiver is known to 
approximate the optimum receiver in 
Rayleigh distributed clutter. Since 
many radars are designed with linear 
receivers, on the basis of a Rayleigh 
clutter assumption, it is important to 
determine how these receivers per- 
form in log-normal clutter. 

Log-normal clutter is characterized 
by its mean-to-median ratio, e. The 
range of this parameter can be deter- 
mined by examining available log- 
normal clutter data. Log-normal sea- 
clutter data has been measured by 
many workers. The values of ep range 
from about 0,6 dB measured by NRL 
for a relatively high grazing angle of 4,7 
degrees and low sea state to 5,75 dB 
measured by APL for a high sea state 
and low grazing angle of 0,5 degree. 

Ground clutter data measured by the 
Royal Radar Establishment shows a pe 
of about 2,6 dB for low grazing angles. 
Radar angles have a reported o that 
varies from approximately 3dB to 4 
dB. 

Figure 1 shows a comparison of the 
performance of the linear receiver in 
Rayleigh and log-normal clutter (p 
= 1, 3, 5 dB) for n equal to 30 inde- 
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pendent samples and a false alarm 
probability of 10-5 A comparison of 
the signal-to-median clutter differen- 
tial for equal probability of detection 
(Pd = 0, 9, Pra = 10-5) in Rayleigh 
and log-normal clutter is given in 
Table 1. Examination of this table shows 
severe performance degradations in 
log-normal clutter. 


e-Mean-to-Median Ratio 


Table 1. Linear Receiver Performance 
Degradation in Log-Normal Clutter 
(Differential Signal-to-Median Clutter 
Ratio in dB). 


Logarithmic receiver 

A logarithmic detector has an output 
voltage whose amplitude is propor- 
tional to the logarithm of the input 
envelope. This type of detector has 
found extensive use in Rayleigh dis- 
tributed clutter since it has the property 
that it provides a constant false alarm 
rate (CFAR). 

The detection performance of the 
logarithmic receiver (logarithmic de- 
tector with a linear integrator) in a 
Rayleigh background has been analyz- 
ed by Green. He found that the per- 
formance loss with respect to an 
optimum receiver was 0,5 dB for 10 
pulses and 1 dB for 100 pulses. He 
conjectured that the loss was propor- 
tional to the logarithm of the number of 
pulses integrated. 

The performance of the logarithmic 
receiver in log-normal clutter is found 
by appropriately transforming the en- 
velope distributions under the alternate 
hypotheses of clutter (Ho) and clutter 
plus signal (H,) and applying the 
Marcum-Swerling analysis. A logarith- 
mic transformation is applied to the 
normalized log-normal (Rm = 1) and 
Log-Rician envelope detected distri- 
butions 


V=i1nR (1) 


The resulting distribution under the 


clutter hypothesis (Ho) is normally 
distributed 
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The distribution under the signal plus 
clutter hypothesis (H,) is given by: 
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where the variable V; extends from 
—*° to +%, 

Figure 2 shows a comparison of the 
performance of the logarithmic receiver 
in Rayleigh and log-normal clutter 
(e = 1,3, 5 dB) for n equal to 30 inde- 
pendent samples and a Pra of 10-5. 
A comparison of the signal-to-median 
clutter differential for equal proba- 
bilities of detection (Pa = 0,9; Pra 
= 10-5) in Rayleigh and log-normal 
clutter is given in Table 2. The per- 
formance for a single pulse is almost 
identical to the linear receiver. How- 
ever, as the number of pulses increases 


to 30 the performance increases 
dramatically. 
The overall performance of the 


logarithmic receiver across a range of 
log-normal to Rayleigh clutter is good 
for values of e less than 1 dB and n 
greater than 10. As the value of e 
increases, the performance degrada- 
tion is significant. However, for n 
equals 30, the performance spread is 
modest even for large p. 


e-Mean-to-Median Ratio 


Table 2. Logarithmic Receiver Per- 
formance Degradation in Log-Normal 
Clutter (Differential Signal-to-Median 
Clutter Ratio in dB). 


Integrator performance 

The binary integrator is a digital 
detection process that utilizes a double 
threshold. It is shown diagrammatically 
in Figure 3. The envelope detected 
signal is compared to the first threshold. 
The number of threshold crossings in n 
repetitions of signal is counted. When 
more than m crossings take place in the 
n trials, a target is assumed to be 
present. 

Schwartz determined that the second 
threshold for a Rayleigh distributed 
envelope detected background should 
be set as approximately 1,5n for 
optimum detection. This result is true 


-for a broad range of false alarm proba- 


bilities (10-5 to 10-1°) and proba- 
bility of detections (0,5 to 0,9). The 
performance of this suboptimum de- 
tector in Rayleigh clutter is within 1,5 
dB of the optimum performance. 

The optimum value of m for different 
values of n has been found by forming 
detection curves for each possible 
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value of m and determining the best 
value. The optimum value of m found 
for n, equals 3, 10, and 30 is given in 
Table 3 for the log-normal (mopt) and 
the Rayleigh distributions 

(mr =1,5 +/n). 


Table 3. Optimum Value of Second 


Threshold-Log-Normal Clutter. 


Performance curves of the binary 
integrator in log-normal clutter with e 
equal to 1 dB are given in Ref. 9, n 
equal to 3, 10 and 30. The performance 
compares favourably with that of the 
linear and logarithmic receivers. 


Median detector 

The median detector can be examin- 
ed from two different viewpoints. The 
more fundamental approach operates 
by finding the median of the input 
distribution and comparing this against 
a threshold. This approach is difficult 
to implement since it requires storing 
the amplitudes of n individual samples, 
ranking the samples, and then finding 
the median. Alternately, the median 
detector can be implemented by 
employing the binary integrator with 
the second threshold set at m= 
(n—1)/2. This produces the same 
effect since if the majority of samples 
exceeds the first threshold, then the 
median must exceed the second 
threshold and a target is declared. 

The performance of the median 
detector for n equal to 3, 10, and 30 in 
log-normal clutter (e = 1dB) for a 
false alarm probability of 10-° is given 
in Ref. 9. The performance of the 
median detector is superior to the 
linear receiver but inferior to the binary 
integrator and logarithmic receiver. 

The robustness of the median detec- 
tor can be estimated by considering its 
performance over a range of log-normal 
to Rayleigh clutter. Using Rayleigh 
data from Schwartz and log-normal 
(e = 1 dB) clutter data for an integra- 
tion of 10 pulses with a Pta of 10-5 
and Pa values of 0,5 and 0,9 shows 
that the performance is reasonably 
robust when the small number of 
samples (10) is considered (Table 4). 


Optimum performance 

The Chernoff bound provides upper 
bound in the form of an exponential 
relationship. Van Trees tightened the 
upper bound by finding a multiplica- 
tive factor for the exponential relation 
using a central limit theory argument. 
The extension in this article essentially 
consists of a development of higher 
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Fig. 3 shows a typical binary integrator. 


Fig. 4a shows performance of new receivers for N=3. 
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order terms in a series expansion for 
the performance, rather than a deter- 
mination of a multiplicative factor in an 
upper bound. 


Median 


Detector Optimum 


Table 4. Signal-to-Median Clutter in 
dB for Median Detector (Pra = 10-5). 


The moment generating function 
for the clutter hypothesis is given by: 


0)|z0 (s) = E(esi /Ho) 
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N=3 
eo 
a | e® fi(I/Ho) dl (4) 
—D 
The semi-invariant of the clutter 
hypothesis is defined: 
u(S) = 1nle0 (s) 
foe} 
= tn] e* fi(I/Ho) dl (5) 
-O 


However, the semi-invariant, w(s), 
cannot be found since it is expressed 
in terms of the unknown density 
f(IJH.). But I(v) is just a function of v 
and hence equation 5 can be written 
as: 


u(s) = 
inf  tfe(vlHa) I [f x(v|Ho) }!-8dv (6) 


Equation 6 allows the semi-invariant, 
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Fig. 4b is receiver performance for N=10. 


Fig. 4c Finally comparison is made for N=3. 
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u.(s), to be calculated as a function of s. 

The procedure of finding Pra and 
Pa is as follows. Equation 6 is evalu- 
ated by Gaussian quadrature for a 
particular signal value over a range of 
s from 0 to 1, derivatives of u(s) are 
evaluated by numerical differentiation 
techniques (spline functions), a re- 
ceiver operating curve is generated 
plotting Pa versus Pra for a particular 
signal, and Marcum-Swerling curves 
are generated using the receiver operat- 
ing curves. 

Reference 9 shows that Pra is given 
by: 


1 
Pra = 5 erfc[a(s)]. ec? (s) + Bis) 


__ us) 
6 [u(s) ]*/? 


eBls) 
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N=30 


(} erfca(s) . [sVu(s) ]8ec? (s) 
1 1 2, 
a /2n [1—s*u(s) i 
(7) 


where 


a {ES ie (8) 
and 
B(s) = u(s)—sp(s) (9) 


From equation 7 it is apparent that Pra 
can be expressed in terms of the semi- 
invariant of the likelihood ratio, u(s) 
and its derivatives. 

An expression for Pm (Pm = 1—Pa) 
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can be found by substituting 1—s for s 
in equations 7, 8 and 9. 

The previously developed expres- 
sions for Pra and Pm are easily extended 
to consider n independent samples. 
Modifying equation 6 for n samples 
and noting that all integrals are iden- 
tical results in 


un(s) 


Pan [_fo(vl)ste(v)lHo)'-rau| @ 


ao 


=ny(s) (10) 
Hence u(s) is simply scaled by the 
number of independent samples. The 
Pra and Pm for the n independent 
sample case is found by utilizing the 
scaled value of the semi-invariant, 
nu(s), in equation 7. 

Evaluation of equation 7 for Pra and 
Pm requires determination of the first, 
second, and third derivatives of u(s). 
In general this is difficult numerically. 
A method to provide excellent results 
is to fit the data points that determine 
u(s) by a cubic spline function. The 
derivatives are obtained by differentiat- 
ing the spline function. The spline 
function has the characteristic that it 
produces the smoothest curve through 
the data points while maintaining con- 
tinuous derivatives at these points. 

Receiver operating curves are given 
in Ref. 9. Translation of the receiver 
Operating curves into Marcum-Swerl- 
ing type curves for comparison with 
practical receiver configurations pre- 
viously evaluated is easily accom- 
plished. Curves are presented in the 
next section that provide this com- 
parison and also allow comparison 
between optimum performance in Ray- 
leigh and log-normal clutter back- 
grounds. ; 


Receiver comparison 

Curves showing the performance 
(Pra = 10-°) of the linear receiver, 
logarithmic receiver, binary integrator, 
and median detector in log-normal 
clutter (e = 1 dB) are given in Figures 
4A, 4B, and 4C for n equal 3, 10, and 
30 independent samples. Also shown 
on these curves is the optimum per- 
formance in log-normal clutter (9 = 1 
dB) and Rayleigh clutter. 

The performance of the binary 
integrator is the best of the receivers 
considered—approaching the optimum 
bound, while the performance of the 
linear receiver is the poorest. This is 
significant since many radars are 
designed using linear receivers, opti- 
mized for Rayleigh clutter, but must 
Operate in log-normal clutter. When 
this occurs the performance penalty is 
severe. A more rational philosophy is to 
design the receiver to operate over a 
range of Rayleigh to log-normal clutter 
by utilizing one of the nonlinear re- 
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ceivers identified in this paper. 

The performance of the logarithmic 
receiver is almost as good as the binary 
integrator and has the added advantage 
that it is easily implemented. In addi- 
tion, it provides the high receiver 
dynamic range necessary to handle the 
wide range of clutter amplitudes 
usually encountered. Furthermore, it 
provides a CFAR capability in Rayleigh 
distributed clutter. 

The performance of the median 
detector is relatively poor compared 
with the other nonlinear receivers 
analyzed and the optimum bound; but 
it is definitely superior to the linear 
receiver. This receiver is most valuable 
in the nonparametric situation where 
little is known about the clutter distri- 
bution. 


Performance comparison 

The curves given in Figure 4 allow 
an interesting comparison to be made 
between the performance in log- 
normal (e = 1 dB) and Rayleigh clut- 
ter. Table 5 gives the signal-to-median 
clutter ratio required to provide Pa of 
0,9 and a Pra of 10~® in both log- 


n-Independent Samples 
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Table 5. 


Clutter 
Ratio in dB for Pa == 0,9; Pra = 107% 


normal (e = 1 dB) and Rayleigh clut- 
ter for n equals 1, 3, 10, and 30 inde- 
pendent samples. For one sample the 
performance is 11 dB poorer in log- 
normal clutter, while for 30 samples the 
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Table 6. Integration Gain in dB for 
Rayleigh and Log-Normal Clutter. 


performance is about equal. This 
illustrates that non-coherent integra- 
tion is more effective in log-normal 
clutter than in Rayleigh clutter. The 
integration gain is given in Table 6. 
It is seen that for log-normal clutter the 
situation exists whereby the integration 
gain is greater for noncoherent inte- 
gration than it would be for coherent 
integration of a Gaussian distribution 
(10 logn). 


Log-normal distribution 
The log-normal probability density 
function is given by: | 
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where Rm is the median value of R and 
o is the standard deviation of the gener- 
ating normal distribution. 

A parameter commonly used to 
characterize the log-normal distribu- 
tion is the mean-to-median ratio () 


P= an = exp {5 (12) 


Log-Rician density function 

In this article, the amplitude proba- 
bility density function associated with 
an envelope detected signal in log- 
normal clutter is called the Log-Rician 
density function. The procedure used 
by Rice to determine the Rician distri- 
bution is followed to determine the 
Log-Rician distribution. 

From Ref. 9 the Log-Rician density 
function is given by: 


am 
Rs 
f(Rs) = ie ‘(2n) 8/70 


—1n?(Rs2—2ARscos6+A?)}/ 3 
exp 
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6 
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It is noted that this density reduces to 
the log-normal density for A = 0. 
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European solid state 
conference report 


This year Toulouse University hosted the second international 


solid-state circuits conference. Elaine Williams describes some of the 
papers presented on current and future technologies ranging from 
memories to opto-electronics. 


The second ESSCIRC  con- 
ference provided not only an 
opportunity to catch up on the 
research being carried out in 
semiconductor technology, but 
also the chance to fly the 
European Airbus and become 
trapped in the lift at the space- 
age Charles DeGaulle airport. 
Having survived a few minor 
disasters the conference proved 
to be worth the effort with many 
interesting papers being pre- 
sented on current and future 
technologies. 

Seven invited papers were 
given which covered the main 
themes of the conference, such 
as, advanced mos-fet tech- 
nologies; the future of bipolar 
techniques; — silicon - on - sap- 
phire; logic arrays, Isi in watches 
and high speed GaAs circuits. 
The increasing conflict between 
bipolar and. mos Isi technologies 
were highlighted in a paper from 
Victor Blatt of the Allan Clark 
Research Centre, entitled ‘The 
present and future of bipolar 
technology’. He commented on 
the advantages of both bipolar 
and mos technologies and the 
fact that research in these tech- 
nologies was being aimed at 
increasing the speed of mos and 
increasing chip density for bi- 
polar. Blatt also stated that very 
simple bipolar processes exist 
that are capable of exceedingly 
good yields and that triple 
diffusion could economically 
produce chips larger than 50 
mm?. Collector diffused isolation 
was another simple process, 
capable of reasonable perform- 
ance and good yields. 


Low-power Schottky ttl 

Blatt saw the future of bipolar 
logic families being centred 
around ecl and low power 
Schottky ttl. Although the for- 
mer has had a disappointing 
growth, it is expected to become 
the dominant technology for 
large computers in three or four 
years time; whilst the latter 
promises to become the most 
popular logic family by offering 
a combination of 5 ns gate 


delays with 2 mW/gate lower 
dissipation, coupled with falling 
prices due to increasing volumes. 

Finally Blatt stated that with 
a density of 1000 gates/mm? 
for Schottky I?L, it was not 
difficult to imagine five and 
10 000 gate bipolar circuits; if 
the main yield hazard of fast 
bipolar processes, such as col- 
lector-emitter shorts and leak- 
ages were solved, he believed 
that bipolar technology could 
not only defeat mos in per- 
formance and flexibility, but also 
compete in cost. 

Joseph Borel speaking on 
advanced mos-fet technologies 
claimed that mos technologies 
have been improving their speed 
to such a level that presently 
they are able to attain Schottky 
ttl speeds with a reduced power 
consumption in the order of ten 
to fifty times. He believed that 
they would take an increasing 
part of the Schottky ttl market. 
He went on to describe two 
advanced technologies, dmost 
and vmost, which are double 
diffused mos-fet devices with an 
extra diffusion in the source to 
form the channel and a mos-fet 
built with a V-notch obtained by 
an anisotropic etch in bulk 
silicon, which could provide the 
necessary speed. He believed 
that the present range of 
materials and devices limited the 
freedom for innovation. Gal- 
lium Arsenide could prove to be 
an interesting material although 
GaAs technology is not so well 
understood or controllable as is 


that of silicon; but he thought 
that only a limited number of 
improvements could be made 
using existing silicon devices 
and that the characteristics of 
existing devices would have to 
change dramatically. 

Borel considered it was likely 
that a cmos on sos technology 
or cmos on bulk, could provide 
more complex Isi for the same 
power consumption and higher 
clock rates with reasonable 
power consumption. He quoted 
a maximum frequency improve- 
ment for cmos on sos, in the 
order of a factor of five to eight, 
with lower benefits for cmos on 
bulk. It is believed, he continued, 
that very large scale integration 
would be the desire of many 
companies and this would re- 
quire a complementary shrinked 
mos to achieve the chip com- 
plexity, yield and reduced power. 


GaAs semiconductors 
The exploitation of GaAs as a 
semiconductor material was dis- 
cussed by Robert Veilex in his 
invited paper, ‘High speed GaAs 
circuits’. At present the sub- 
strate material to fabricate mes- 
fet’s from GaAs is poor, although 
great improvements have been 
made in the technology because 
of the interest of the material in 
optoelectronics and microwave 
components. This device gives a 
better performance than silicon 
and some research has been 
undertaken in the USA and 
Japan into exploiting the Gunn 
effect, but the device is complex 


Vmos and dmos can provide the speed of bipolar circuits. 


Aluminium 


o Source 
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Aluminium 


and has limitations in applica- 
tion, as well as being a long 
term development project. 


Mes-fet devices 

The present mes-fet devices 
consist of a thin active layer 
(0,25 um), deposited on a semi- 
insulating substrate. The current 
flowing between two ohmic 
contacts jis controlled by a 
narrow gate (1 or 2 um). The 
drdin-source separation is 3 to 
4 um and the width of the 
transistor is between 10 and 
200 um with a cut off frequency 
of about 40 GHz. 

Mr Veilex said, ‘The major 
difficulty was the realisation of 
the active layer’. This is usually 
made by means of a liquid or 
vapour phase epitaxy, but mole- 
cular beam epitaxy and ion- 
implantation have been tried. 

The technique used by Roger 
Veilex and his colleages at the 
Laboratoire d’Electronique et de 
Physique Appliqueé, employs 
four masks and uses a self 
registration technique for mask 
alignment with an_ electron 
beam pattern generator to over- 
come the problem of mask align- 
ment. Hewlett-Packard are also 
involved in the fabrication of 
these devices but the company 
uses five masks for its process. 

Apart from mes-fet devices 
many other types could be 
produced in GaAs materials, 
such as sig-fet’s and a metal 
j-fet. Some researchers are work- 
ing on the production of nor- 
mally-off transistors, these de- 
vices it is anticipated will pave 
the way for very low consump- 
tion circuits with only one power 
source, but this is paid for by a 
degradation of speed. 

Mr Veilex concluded his paper 
by stating that GaAs offered 
some specific properties such as 
Gunn effect, luminescence and 
acoustoelectric effects. He could 
envisage circuits with unusual 
characteristics, such as optical 
coupling between chips or parts 
of chips for interconnections. 

Returning to bipolar tech- 
nology Nagata, Kaneko and 
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Okabe from Hitachi, proposed a 
stacked |*L circuit to cut down 
the effective power dissipation 
to one third that of conven- 
tional I?L. In its conventional 
form the injector current is pro- 
vided through a resistor or con- 
stant current source. Almost 86% 
of the power is dissipated in this 
resistor for a supply voltage of 
5V. In the stacked circuit m 
blocks of I?L are produced by 
stacking layers of I?L circuits. 
In this circuit configuration the 
dc bias is supplied to the first 
layer and then travels up through 
the other layers almost simul- 
taneously. Up and down driving 
circuits are required for trans- 
ferring a signal from a lower to 
an upper surface. The layers also 
have to be isolated, but this is 
achieved by. using conventional 
techniques and the packaging 
density loss is usually between 
10 and 20%. Mr Nagata, who 
was presenting the paper, stated 
‘The power dissipation is 7/m 
times that of conventional cir- 
cuits for the same logic func- 
tions’. The total power is of 
course decreased in proportion 
to the number of layers in the 


stack. The stacked IL circuit 
proposed, automatically distri- 
butes the injector current to each 
layer without use of an addi- 
tional circuit’ driver. This is 
achieved since the voltage across 
each layer is automatically de- 
termined by a diode string, 
formed by the base emitter 
junction of the injector. 

* Meanwhile, Nuzillat, Pham- 
Ngu and Helioui were rethinking 
the concept of bistable com- 
plementary bipolar circuits. Us- 
ing present bipolar ideas the 
researchers from Thomson-CSF 
defined a new logic family 
designated twin-transistor in- 
jection logic (TIL), Which is 
1?L compatible and can be 
made using a standard process. 


Substrate fed logic 

There was great interest in 
injection logic and members of 
the Allan Clark Research Centre, 
Walsh and Sumerling, gave 
their paper on Schottky I*L (or 
substrate fed logic) which is an 
advanced form of (?L. It is 
claimed that delays of about 10 
ns with a power dissipation of 
50 uW are attainable with high 


packing densities. From initial 
yield evaluation gates, struc- 
tures of 1000 could be obtained. 

The basic gate comprises a 
switching npn transistor with 
Schottky diode inputs in addi- 
tion to the conventional multi- 
collector output and a substrate 
pnp injecting transistor. Im- 
provements have been made to 
the p-type implant used, to 
provide a high doping con- 
centration under the Schottky 
contact. Also boron is implanted 
in all regions except collectors. 
Walsh and Sumerling claim that 
this structure provides a low 
concentration gradient under the 
Schottky for higher breakdown 
voltages; higher doping under 
the Schottky to prevent parasitic 
electron collection; a surface 
channel stopper; as well as a 
reduction in base resistance; a 
lower power delay product; 
lower current and high gain and 
transconductance. 

Other papers given at the 
conference were concerned with 
circuit applications, such as an 
1?L two tone dialling circuit for 
telephony, described by Kaire 
and Guetin and high density 


monolithic bipolar and mos 
arrays for private branch tele- 
phone exchanges, presented by 
a group from AEG-Telefunken. 

Memories, too, were still a 
topic for discussion, Jean Michel 
Ayache discussed the design of a 
very large scale integrated 
memory. The memory is com- 
posed of partly faulty Isi chips 
and reconfiguration circuitry, 
which masks any faulty bits to 
reduce the number of rejected 
circuits for visi. Siemens re- 
searchers, Mitterer and Rehn, 
explained the design of a 16k 
mos-ram in double polysilicon 
technology. The circuit uses 
refined techniques, in that the 
double polysilicon approach 
leads to a cell density of 
approximately 2000 _ bit/mm?, 
without extreme shrinking of 
structures. 

The circuit uses a transfer gate 
instead of switching transistors. 
This gate is formed by the first 
polysilicon layer and the storage 
Capacitor is formed in the 
second layer. A diffusion area in 
the cell is omitted and this saves 
space as well as_ reducing 
leakage currents. 
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In constant use, mainly in London 
traffic, this editorial car has clocked up 
18.000 miles since the conversion. In 
this time, the ignition has not had to be 
touched and the car is showing a slight 
improvement in fuel consumption. 
Unfortunately precise records were not 
kept prior to the conversion, but the 
improvement in fuel consumption 
appears to be higher than the 4 to 5% 
obtained by the Motor Industries Re- 
search Association when comparing it 
with a tuned conventional unit. 

For the motorist who does more than 
12 000 miles a year, fuel savings alone 
would appear to justify the costs of 
conversion. In our trials conversion 
costs were amortised in less than a 
year. 

Also a case can be made from a 
practical point of view. Once the 
electronic ignition system has been 
correctly installed, there is no reason 
why it should need to be touched during 
the lifetime of the vehicle: theoretically 
it should stay in tune indefinitely. This 
seems to be very relevant for most re- 
ports on this subject have compared 
electronic solutions with correctly ad- 
justed traditional systems. 

Wear is inevitable with conventional 
“Kettering” electro-mechanical igni- 
tion systems. Actually it starts at the 
time of installation and can be quite 
serious within 10 to 15000 miles. 
Pitting on the contact points and wear 
on the whole assembly can throw the 
timing way off—with the plugs failing 
to ignite all the fuel in each cylinder. As 
a consequence, both fuel and pollution 
levels increase. It is hardly surprising 
when one examines the _ traditional 
(crude by electronic standards) method 
of pulse switching. A_ six-cylinder 
engine running at 4000 rpm (typical 
cruising speed revs) requires a high 
voltage pulse every five milliseconds. 

For the field trials, Mobelec of Oxted, 
Surrey, fitted one of their type E20 
inductive pick-up, capacitor dis- 
charge systems. It took about an hour 
to install: the biggest problem was 
finding a place to mount the electronics 
package in the engine compartment. 

Immediately we noticed an improve- 
ment in tickover and the acceleration 
appeared to be better, but this may 
have been due to the poor state of 
tuning prior to the conversion—or to 
the feeling that it ought to be better. 

Figure 1 shows the inductive pick- 
up fitted to the top of the distributor. 
It replaces the conventional set of 
points and provides the trigger pulse 
needed to discharge a high voltage 
capacitor across the primary of the 
vehicle’s ignition coil. The capacitor, 
an integral part of the electronics 
package, is charged by a solid state 
converter which raises the vehicle’s 
12 volt supply to around 400 volts. 
This results in a much higher potential 
on the coil secondary—typically 40 kV. 

Figure 2 shows typical high voltage 
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Electronic ignition looks 
tight for motor vehicles 


Following up a report on various types of electronic ignition systems for 
motor vehicles — published in December 1974 — a contactless-type of 
capacitor discharge system has been operating successfully in a six-cylinder 
Triumph 2000 for more than a year. Our tests have been encouraging. 


outputs for Mobelec’s Model 20 and 
40 capacitor discharge systems: the 
latter is for high revving engines and 
eight-cylinder models. Note the flat- 
ness of both and how cut off extends 
beyond that of a conventional unit. 
Besides a better high speed charac- 
teristic, the electronic systems perform 
well at low speed and draw minimal 
current in the quiescent (idling) state. 
Typically current demand extends from 
600 mA to 3 A at maximum output for 
the E20 unit. This compares very 
favourably with the traditional electro- 
mechanical system which draws more 
current at tickover than at cruising revs. 
This feature makes starting much 
easier, particularly in cold weather. 


Engineers at Mobelec maintain that 
you get first time starting with capacitor 


discharge ignition down to —40°C. 

As already mentioned, the ignition 
system has not been touched. Al- 
though colder running plugs could 
have been fitted, the standard plugs 
were retained, with the gaps stretched 
to 30 thou. but there were no signs 
of wear or fouling. Literature suggests 
that plugs should be changed between 
15 and 30 000 miles, depending upon 
operation. 

Electronic ignition is being fitted by 
several high volume manufacturers in 
the United States. In part, this must be 
due to the stricter pollution controls in 
the U.S. and California in particular. 
Laboratory trials have shown that elec- 
tronic units help reduce exhaust 
pollution levels, by ensuring more 
constant cylinder temperatures and 
efficient fuel burning. 

No doubt the British car makers will 
wake up to the advantages of electronic 
ignition for mass-produced cars. Cer- 
tainly it would cost around £5 more than 
traditional solutions: add on units cost 
about £25. 

One may expect a 4 to 8% 
fuel reduction, a saving of 10 to 15 sets 
of contact points (not cheap these days) 
and 5 to 10 sets of spark plugs. One 
cannot puta price on the fringe benefits : 
good cold starting, freedom from plug 
fouling in traffic and reduced vibration. 

The system tested by us _ can- 
not be faulted and we look forward to 
the day when this and similar units find 
their way into everyday motor cars. 
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We’ve got the 
technical resources 


As part of an international organisation our manufacturing 
knowhow and technical research is second to no-one. That is why 
we say that our self-adhesive tape products are all engineered for 
a specific purpose to meet given standards of performance. 


222 Why not make it 
your business now? 


Find out more about this interesting complex of tapes for your 
industry. Write off to: 


Technical Tape Limited 

Robley House Orwell Road Kirkdale Liverpool L4 4AB 

Tel: 051-922 1901 Telex: 627406 Telegrams: Tuckbrands Liverpool 
London Office: 14 The Broadway Stanmore Middlesex 

Tel: 01-954 0018 Telex: 934208 Teflon is a trademark of Dupont 


Tuck 
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ENGINEERED TAPES 
FOR INDUSTRY 


The Harwin range 


THARWIN ENGINEERS SA. Fitzherbert Road, cantare 
Portsmouth, PO6 1RT. Tel: Cosham 70451/6 Telex: 86125 
Please send me the full facts about Harwin terminals ; 
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combines quality 
with quantity 


Whatever the quantity, if you are looking for 
terminal lugs and pins, then we at Harwin can 
supply them ex-stock, at extremely low prices. If 
we don’t have what you need in our high quality 
standard range, then we are only too happy to 
produce special lugs to meet your requirements. 

We also produce terminal boards ina variety of 
materials (e.g. SRBP, SRBF, ERBG, Melamine), 
which can be shaped, drilled, and printed to suit 
your needs. 

So, if you think no-one can give you quality 
with quantity, Juste ask us. . . after all, we are 
experts. 


For full details of our superb quality terminals, 
send off this coupon today to: 


Harwin 


terminal lugs 


EE/11/01 


—_—— — 
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Aviation 


Public Services Vapour degreasing 


LT ES 


Business equipment 


Textile Industry Chemical and adhesive Industry. 
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multi-purpose solvent: 
Chlorothene. 


Do you clean metal parts? 
Electronic components? Printing 
presses? Textile machinery? 
Transportation equipment? 
Storage tanks? 

Which is your cleaning 
process? Vapour degreasing? 
Ultrasonic cleaning? Cold cleaning? 

Yes? 

Then you'll want to Know about 
Chlorothene*), Dow’s multipur- 
pose, high performance 1.1.1.-tri- 
chloroethane solvent. 


1. Performance 
Wherever solvents are used in the 
world today, Chlorothene is the 
“special” solvent for innumerable 
applications in all major industries. 
It'S proven performance and 
high, efficient solvency power 
speed-up the cleaning process. 
It's Superior inhibitor system 
provides chemical stability and 
allows you to use it with all types 
of metals and many other materials. 


2. Safety 

Low toxicity is a major Chlorothene 
feature as it means safer, more 
pleasant working conditions. 

No flash or fire point is another 
safety feature that may result in 
less fire equipment and lower 
insurance costs. 


Electronic Engineering November 1976 


3. Economy 

Compared with most other 
commonly used solvents, less 
Chlorothene is required to do the 
same work. So less storage space 
is required, too. 

So you reduce storage and 
cut down ordering and delivering 
as well, because Chlorothene is 
ideal for just about every cleaning 
application. So why order other 
solvents? 

The high thermal stability of 
Chlorothene means you benefit 
from maximum recoverability and 
reusability - so that means even 
more economy. 

Finally, Chlorothene has an 
ideal evaporation rate that de- 
creases the need for costly drying 
time and equipment. 

CHLOROTHENE 
Dow’s unique multi-purpose, high 
performance solvent. 

Call on your nearest Chloro- 
thene distributor and find out how 
Chlorothene can solve your 


’ cleaning needs. You can also 


count on the back-up resources 

of Dow's research centre in Horgen 
that can, for example, supply you 
with analytical tests. It’s all part of 
the Dow service. 


Where to buy 
Chlorothene: 


Bestobell Chemical Products Ltd. 
Cramlington, Northumberland 

Tel. Cramlingron 34 11 

Four Ashes, NR Wolverhampton 
Tel. 0902 —- 790718 

Mitcham, Surrey 

Tel. 01-6 48 — 3422 h.q. 


Kingsley & Keith 

Greef Chemical Group Ltd. 
Croydon CR 9 3QL 

Tel. 01-686 - 0544 

Stockport, Cheshire SK 7 5 EF 
Tel. 061-4 83 - 0393 
Cambuslang, Glasgow G 72 7 UP 
Tel. 0 41-6 41 - 4417 


Sheppy Glue & 
Chemical Works Ltd. 
Horley, Surrey RH 6 8 QL 
Tel. Horley 5151 

London SW 8 

Tel. 01-6 22 - 7104 
Chilmark, Wiltshire 

Tel. 0722 - 87426 
Crowland Lincs 

Tel. Crowland 312 
Kearsley Manchester, Lancashire 
Tel, 0204 - 72844 


Southern Industrial 

Supplies Ltd. 

North Boarhunt NR, Fareham Hants 
Tel. Wickham 83 2310 


The Carborundum Co. Ltd. 
Manchester M 17 HP 

Tel. 061-8 72 - 2381 
Corcoran Chemicals Ltd. 
Dublin 8, Eire 

Tel. 778163 


Unique Chlorothene. 
Only from Dow. 


<r 


* Trademark of The Dow Chemical Company 
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Pulse Engineering 


A complete range of 
Delay Lines 


Example 


DIGITAL DELAY MODULE 


Designed specifically for TTL and DTL’ 
compatibility. 

Built-in interface allows direct plug-in 
without additional components. 


Module load incorporation reduces 
number of required components for 
specific delays. 

Standard Models can delay an input 
pulse by 25 ns to up to 1,000 ns. Each 
model has five intermediate taps. 


Output risetime is below 4 ns. 


Drive capability is up to 20 TTL loads 
per unit. 


D.I.L. low profile package. 


Your most economical approach to 
digital timing. 


Representative in U.K. 


AURIEMA Ltd., 
442, Bath Road, 
SLOUGH, SL1 6BB 
United Kingdom 
Tel.: (06286) 61931 
Telex: 847155 


Pulse PULSE ENGINEERING IRELAND 
Engineering 


Dunmore Road, 
TUAM (Co. Galway) 
IRELAND 

Tel.: (093) 24107 
Telex: 8325 
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HEADED 


Adjust the big turret head of this MS-3191-4 Mil- 
T-22520 Class | tool. Set the selector knob to suit 
your wire size. And you’re ready to crimp sizes 20, 
16 or 12 contacts without further ado. 

This is just one of a host of precision tools in 
the Erma-Buchanan range. Adjustable and non- 
adjustable tools for contacts, miniature tools for 
the tiniest of contacts, plus hand and hydraulic 
crimping equipment for terminals and cable lugs. 
If you want to know more about this and other 
tools in the vast Erma range-—send now for our 
comprehensive fully-illustrated catalogue. 


€RMP ERMA LIMITED 
Mount Pleasant, Alperton, Wembley, Middlesex 
Telephone:(01) 903-4561 Telex 264229 
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(The Meaning of Sprague Leadership; a series) 


SPRAGUE LEADERSHIP: 
PROVEN, BRITISH MADE _ 


ALUMINIUM ELECTROLYTICS 


Produced at our Galashiels, 
Scotland factory, they form a broad 
family which has gained wide 
acceptance in computers and allied 
applications, calling for superior 
characteristics, in the power supply 
and instrumentation fields. 


SPRAGUE aluminium electro- 
lytic capacitors are recognised — 
even by competitors — for their 
uniformly high quality, high ripple 
current capability, and long flawless 
operating life. 


Nor is this surprising when you 
consider the technological 
knowhow which has gone into their 
development: the state-of-the-art 
for these capacitors was perfected 
over a quarter century ago by 

SPRAGUE (USA). 


A direct descendent of 

this technology is the Galashiels 

_ product, computer designed 

_ to meet updated, exacting British 


standards including approval 

to BS9000. These capacitors are 
further subjected to a stringent 
production and quality control 
procedure. Called by us “customer 
oriented QAR”, it ensures that 
each component — prior to leaving 
the factory - meets or surpasses 
its rated performance parameters. 


Many types are available 
ex-stock from leading distributors. 
Or from our own sales organisation, 
whose experience in electronic 
engineering and indepth know- 
ledge of the SPRAGUE product line 
often enables the use of a standard 
component in a non-standard 
application. 


Should a specially designed 
component be necessary, a 
SPRAGUE-Galashiels engineering 


~ specialist, working directly with 


the customer, can be relied upon 
for a practical solution to the 
problem. 


This combination... the 
right people — the right product... 
means leadership. SPRAGUE 
LEADERSHIP in service to our 
customers. 


Allinquiries, on any aspect 
of this advertisement, should be 
addressed to: Mike Jones, 

Sales Manager, Sprague Electric 
(UK) Limited, 159 High Street, 
Yiewsley West Drayton, Middx. 
Telephone W. Drayton: 44627, 
telex 261524. 
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SPRAGUE” 


THE MARK OF RELIABILITY 
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Glass encapsulated 
1A Diodes PAB 219 


For immediate delivery 
The original GE (USA) design, 
made under licence by Rifa, 


Glass diodes in general are better 
than plastic diodes, with better 
performance, longer life, fewer 
breakdowns and hermetic sealing 
suitable for tough environments 
and for use in potted circuits. 


RIFA PAB 219 glass diodes are 
better than ordinary glass diodes, 
for anumber of reasons:— 

1 Passivation The glass-powder 
manufacturing process is superior 
to the conventional method using 
two separate pieces of glass. 


Visit Rifa at Electronica, Munich, Stand 9100, Halle 9. 


THE PLS-881 
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This is a complete 8080 
microprocessor system 
mounted on a single 64°’ x 
44’ containing 8080, 
sockets for 4K of PROM, 1K 
of RAM, 16 1/P lines, 24 
O/P lines and crystal clock. 
Systems using 4004, 4040 
and M6800 also available. 


Technitron 
Doman Road, Camberley, Surrey. 
Tel: (0276) 26517 
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2 Overload resistance A well- 
known TV manufacturer compared 
6 makes of similar glass diodes, to 
find the forward peak destruction 
current(Ims surge time). Most 
failed under 50A.Some reached 
58, some 68A. RIFA PAB 219 
consistently beat 90A. 

3 High peak reverse power 
rating 1kW, 20s , non-repetitive, 
half sine-wavel 

| 4 Low Power Voltage drop is lower 
than in conventional glass diodes; 
0.9V for 1A compared with the usual 
0.96-0.99V. In a big circuit this 
adds up. 

5 Dip-tinned leads Dip-tinning 
gives superior solderability. 
L.M.Ericsson, our biggest customer, 


at no extra cost. 


PAB 219 diodes are ideal for 
Telecommunications, data 
transmission and computer 
peripheral circuits (long life and low 


THE SERIES 90 PROM 
PROGRAMMER 


Features:— 

% List, Program, Duplicate 
(with changes) and verify 
modes 

% Interchangeable Personality 
Modules for all popular 
Proms 

%* Packaged in Attaché case 
weighing under 15 Ibs. 

* Options — paper tape 
reader, TTY & RS232 
interfaces, UV eraser. 


insists on it,so you get the advantage 


power); for TV, hi-fi and radio (less 
fire risk); for industrial and 
automobile electronics (mechanically 
strong and sealed against rough 
environments). 

Nominal current is 1A but many 
customers use PAB 219 diodes up 
to 2.5A.Four standard voltages are 
available:— 

200V: PAB 2192 (IN 5059) 

400V: PAB 2194 (IN 5060) 

600V: PAB 2196 (IN 5061) 

Z00V: PAB 2198 (IN 5062) 


Deliveries are good and prices are 
‘competitive. Send for full data. 


’ 


q 
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Rifa AB, S-161 11 Bromma, Sweden. 
Telephone Stockholm (8)26 26 00 
Telex 10308. UK Distributors: 
Adrian Electronics,Winslow, Bucks. 
Telephone (029) 671 3535; 

Jermyn Distribution, Sevenoaks, Kent. 
Telephone (0752) 50144; 
Cartwright Electronics, Glasgow. 
Telephone (041) 429 7771. 


SYSTEM ANALYSERS 
for Program Debugging 
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Features:— 

%* Displays Instruction and 
executed data 

%* Scope sync outputs 

% Run/stop and single cycle 
operation 

% Counter for 100p control 
Analysers available for 
4004, 4040, 8080 & M6800 

ALL EQUIPMENT MANU- 

FACTURED BY THE PROLOG 

CORPORATION OF CALI- 

FORNIA. 
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PG-71/71N 


LYONS. a 


ENTS E NODOESDON: < “14 


PULSE GENERATORS 


5 MHz10ns 


Highly versatile 


dual-channel 


instruments with channel mixing 


facilities. PG-71 
positive 10V outputs, 
switch-selectable 


pos/neg. 


provides dual 


PG-71N 


pos/pos or 


LYONS INSTRUMENTS WG 718 


__ DATA CONTENT 


| -seecseee aagaecad- 


uuu > 


é 


eS 


18MHzr WORD GENERATOR 


SURES 000 
] 


WORD GENERATOR 2-16 bits, 16 MHz 


This recent addition to the LI range is compact, easy to 


use, with a degree of flexibility unprecedentedat theprice. 


KA 
ee ee 


PULSE GENERATOR 

20 MHz 5ns Bipolar 

True double pulser with very 
wide control ranges, independent 
for each channel. Dual pos or 
pos/neg 10V outputs with nor- 
mal/complement facilities. 


PG-—2B VARIABLE RT/FT 
@ PRF 0.1Hz - 16MHz 

B® delay & width to 2 seconds 
@ RT/FT 10ns - 20ms 
Boutputto +25V + offset 
® 50Q source impedance 


the latest word in signal sources 


LYONS INSTRUMENTS 


Hoddesdon Herts EN11 9DX 
Telephone 67161 Telex 22724 
A Claude Lyons Company 


NEW INTERLAB® MP51 
BB PRF 5Hz — 5MHz 

delay & width 100ns - 100ms 
B ext, manual, mixing modes 
@ ULTRA-LOW COST 


B® variable word length., 2-16 bits 

@ built-in bit and word rate clocks 

i inputs & outputs TTL compatible 

B® bit rate 2Hz-16MHz, manual & external 
@ NRZ, RZ and bi-phase modes. 


Full specifications and prices of the above on request. 
Ask for details also of other Interlab’R low-cost 
instruments — distortion meter and sine/square oscillator 
for laboratory, test and education purposes. 
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WORLD LEADERS IN PACKAGING TECHNOLOGY 


Compatible Boards 


Card Frame System 4 is a 
European Card Frame System de- 
signed in Europe for you, bringing 
to your door all the benefits of 
advanced product development 
undertaken by Vero, a multi- 
national organisation. 

= A closely toleranced and precision 
manufactured system for cards, 
and modules to DIN.41494. 

@ Basic frames for:- 

European cards of various 
sizes, particularly 100x160 mm. 
Modules and Accessories; Com- 
binations of Modules and cards. 

@ 3U height modules in 12 widths 
and 2 depths. 

‘@6U height modules in 10 widths 
and 2 depths. 

e@ Designed to mount cards with 
heavy components and/or the 
components themselves. Modules 
can be fully screened. 

a Extension kit available to enable 
the basic frame to accept 
extended cards and deep modules. 
Facility available for converting 
the frame to a self-contained free 
standing case by the addition of 
cover panels. 

Available world wide through 3 sub- 
sidiary companies and 25 agents. 


Vero Electronics Ltd. 

Industrial Estate, Chandler's Ford, 
Eastleigh, Hampshire SO5 3ZR. 
Telephone: Chandler's Ford 2956 


Telex: 47551 
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Analogic A/D Converters 
give a a bit more for less 


cA 


0 CONVENES aie a 


Ie 
om IOV AEF 
(RANGE ADN@ 


ie 


if you're counting on every bit 


that you've specified . 


. specify the new 2700 Series 


12, 13 and 14-bit A/D converters. 


Relative accuracies range from 
0.004% for 14-bits to 0.012% for 
12-bits, conversion times from 

less than 4usec to 10usec and 
differential linearity tempco of all 
three models is less than 3ppm/°C. 


In other words, you can get true 12, 


13 and 14-bit performance even 
under worst-case conditions! The 
price for this outstanding 
performance? About half what you 
would expect to pay. 

A close examination of 
competitive specs will reveal that 
the 2700 Series has no 
cost/performance equal. 
Monotonicity, linearity and 
uniformity of code width are 
assured over a wide temperature 
range by the outstanding 
guaranteed maximum tempcos. 
Three separate ground planes and 
a unique strobing comparator, 
while speeding up the conversion: 
process, virtually eliminate major 


_AINALOGIC, Ea 


. The Digitizers 


November 1976 


electrical interferences. And 
Modupac® construction provides 
RFI and EMI shielding to further 
ensure trouble-free operation in 
noisy environments. 

Four full scale ranges, providing 
a 4 to 1 range sensitivity, enable 
the designer to choose the range 
best matched to the balance of his 
system. Built-in gain and offset 
adjustments eliminate external 
pots and assure that every unit 
shipped is calibrated to within a 
guaranteed accuracy specification 
traceable to the NBS. 

For immediate assistance in 
your application, call 932-41251 or 
41215, or write today for complete 
specifications on all Analogic 
products to Analogic Limited, 

68 High Street, Weybridge, Surrey, 
Kt. 13 8BN England. 


Write for new Catalog/Handbook. 
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Here's a giant reduction 


in the Nova line. 


You're looking at a whole new family of NOVA“ 
computers. microNOVA.A microprocessor chip, 

a microcomputer board and a complete MOS mini- 
computer. All based on the little thing on the tip 
of the finger. 

mN601.The microNOVA CPU. 

It’s a full-blown, 16-bit NOVA computer. Manu- 
factured by Data General. And fully supported by 
NOVA software. 

And it’s not a NOVA computer in name only. 
This chip has all the NOVA registers, internal data 
paths and computational elements. The NOVA 
multifunction instruction set. The NOVA multiple 
addressing modes. And the NOVA 3 hardware 
stacking. Plus things that used to be NOVA options: 
multiply /divide, real-time clock and power fail/ 
auto restart. All standard at no additional cost. 

The difference is, all that NOVA has been 
reduced to a single chip that measures only 225 
mils by 244 mils. 

Which was no small accomplishment. 

For those who need more than a chip, there’s 
the microNOVA computer-on-a-board.A complete, 
fully-buffered microcomputer that comes with 2K 
or 4K words of RAM ona single 712” by 91" 
board. You can add on more RAM in either 4K or 


8K increments, or PROM boards with up to 4K 

words. Plus terminal interfaces, general purpose 

interfacing boards, card frame, power supply and 
PROM burner. 

And for those who need more than a board, 
there’s a fully-packaged 4K word MOS microNOVA 
mini. It comes with power supply and turnkey 
console.In 9 and 18 slot versions. Into which you 
can place as much as 32K words of RAM or 
PROM. And still have plenty of room left over 
for 1/O. 

There’s even a microNOVA system specifically 
for program development.A complete system, with 
dual diskette drive, terminal and our RDOS- 
compatible Disc Operating System. Or you can 
use a Nova 3 system with RDOS.The best develop- 
ment software you can get. 

And no matter which microNOVA product you 
get, you get to use NOVA software like FORTRAN 
IV. Software that’s in use in over 20,000 instal- 
lations all over the world.So you know it’s going 
to work right the day you get it. 

Want to know more? 

Write to Marketing Communications 

at Greenford. 


DataGeneral 


Data General Limited, Westway House, 320 Ruislip Road East, Greenford, Middlesex, UB6 9BH. Tel: 01-578 9231 
Offices also in Birmingham, Manchester and Glasgow. 
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PRODUCT FOCUS 


Advances in Isi technology are 
now reaching an_ interesting 
stage of development. The con- 
tinuing reduction in circuit size 
coupled with increasing circuit 
complexity continues to be the 
aim of the Isi manufacturer as 
well as the attempts to obtain 
less power per chip. 

The achievement of these 
features seems to be gained not 
only by improved circuit fabrica- 
tion techniques but also by in- 
creasing ingenuity in circuit 
concepts. Here one can cite the 
case of I?L which has un- 
doubtedly brought bipolar tech- 
nology once more into the arena 
to do battle with the mos tech- 
nologies which have for so long 
dominated the Isi field. Injection 
logic is not so much a tech- 
nology but more a circuit con- 
cept and can be fabricated using 
any standard bipolar process 
(provided the process does not 
have any gold doping in the 
substrate as this destroys the 
gain of the transistors). 

The lIsi market—especially in 
the custom design—is a flourish- 
ing one as manufacturers be- 
come aware of the advantages 
that Isi can bring to their de- 
signs. Many oem manufacturers 
are becoming concerned with 
the production of lightweight 
equipment or products which 
demand more complexity as 
well as trying to keep costs 
down. This is where Isi can 
prove its worth especially where 
large quantities of similar cir- 
cuits are involved. The con- 
sumer market has taken advant- 
age of Isi in such areas as wash- 
ing machine controllers and 
video games. 

Once the manufacturer has 
decided to commit his product 
to include Isi, the next step is to 
approach a custom design faci- 
lity—unless there is an in-house 
one available. The next decision 
is the best technology to be 
used which will give the most 
flexible and economic solution. 

The choice of technology 
available is a confusing one and 
it is dependant on the demands 
made upon the finished product 
as well as the economics in- 
volved. Watch circuits for ex- 
ample not only have space at a 
premium but also the power 
consumption. To date there are 
two technologies cmos and |2L 
which are suitable for watch 
circuit fabrication. Watch Isi 
circuits have by no means reach- 
ed a final standard. Large im- 
provements are still to be made 
towards lower cost, better per- 


LARGE 
INTEGRATION 


In this month’s product focus Elaine Williams 
looks at the Isi market and compares the 
technologies available to the custom designer 
as well as commenting on future developments 


formance and more functions. 
However chips for use ‘in data 
handling may make demands on 
the speed of the device rather 
than any physical advantages to 
be gained. 


Choice in MOS 

In mos technology alone there 
are a bewildering number of 
processes which can be used. 
MOS is the undoubted leader in 
the Isi market but is now being 
challenged by bipolar in some 
areas (see the European Solid 
State conference report on p61). 

Each company has its own 
favoured brand of mos and 
refinements of basic processes. 
GEC Semiconductor uses p 
channel mos while GIM has an 
n channel process for some 
applications. 

One of the first processes 
which became available was a 
p channel metal gate process. 
This is still a much used process 
for many applicatidns but it 
needs a relatively high supply 
voltage, in the range of 20 to 
27 V because of its high thres- 
hold voltage. These circuits are 
ideal for applications which re- 
quire only a limited complexity 


Wg 


running at low speeds and 
where power dissipation is not a 
main consideration. The com- 
plexity is in the region of less 
than 100 transistors per chip. 

To reduce the power con- 
sumption dynamic mos circuits 
were introduced. Although the 
testing of dynamic circuits is 
more difficult they have advant- 
ages of lower power dissipation 
per gate, relatively high speed of 
operation and high complexity 
of up to 10000 transistors 
available per chip. However 
these circuits are intended for 
relatively high speed operation 
and do not function well at the 
lower frequency range as well as 
having a limited operational 
temperature range. 

Much interest today by Isi 
manufacturers is being placed 
on silicon gate mos, sos and 
cmos with all the variations one 
could imagine. The replacement 
of-the aluminium gate by silicon 
has meant that devices can be 
fabricated with lower threshold 
voltages which all serve towards 
producing circuits which run off 
lower supply voltages. 

Another technology favourite 
which is available from many 


Above: Chips are tested by computer at G/M in Scotland. 
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manufacturers such as RCA, 
GECS, Intersil and Mullard is 
cmos which offers several good 
features. CMOS is virtually im- 
mune to noise, runs off almost 
any power supply and is an 
extremely low power consump- 
tion circuit. In the off state cmos 
draws zero current and even 
when operating at moderate 
speeds, a 100 gate logic array 
will draw typically less than 0,1 
mW. At speeds comparable to 
that of bipolar circuits the dissi- 
pation may be as much as 20 
mW per gate. 

Although cmos incorporates a 
larger area per gate than many 
other processes (since it com- 
prises both n and p channel 
devices and therefore also needs 
isolation) companies such as 
ASEA HAFO choose cmos since 
it can operate at high speed. 
Applications of the technology 
include rams, roms, shift regis- 
ters and one and two chip 
microprocessors. Also because 
of their high noise immunity 
they are used in car ignition 
systems and other electrically 
noisy areas. 

To overcome the disadvant- 
ages of increased space re- 
quired by the technology some 
companies such as Mullard 
have attempted to eliminate the 
need for guard bands in the 
device. This has been achieved 
in Mullard’s case by means of a 
local oxidation process which 
they call locos. This involves 
coating the silicon with a layer 
of silicon nitride and areas of 
this are removed where local 
oxidation is required. 

This not only prevents the 
formation of parasitic mos de- 
vices but also reduces the stray 
capacitance between substrate 
and wiring and is a self aligning 
process. Other companies have 
similar processes as well as con- 
ventional techniques which em- 
ploy stopper diffusions. 

Advances in the silicon on 
sapphire materials and the pro- 
cessing technology has widened 
the market from pilot production 


for custom design to large 
volume cmos ics. Silicon on 
sapphire technology is most 


effective in cmos _ processing 
since sapphire is an excellent 
conductor and the inherent di- 
electric isolation eliminates para- 
sitic capacitance from the sub- 
strate increasing the operational 
speed by about three to one and 
decreasing the power dissipa- 
tion. Elimination of the guard 
bands can improve the packing 
density by a factor as much as 
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DDL5478 


The new series of Siliconix CMOS analogue 
switches is latchproof with no compromise in 
performance: they still feature low and 
constant ON resistance, full +15V switching 
capability and high OFF isolation. 


@ Latch-free operation under any conditions 
@ Near-constant, low ON resistance 

W Full +15V analogue signal range 

M Low leakage-typically 100pA on most 
types 

Where else can you find such features 
grouped with: 

B® Low signal distortion 

lB Break-before-make action 


W High current capabil ity (DG200 will accept 
0OmA pulses) 


Our switch range offers 2-, 4-, 8-, 16- 
channel units with ON resistances between 
70 ohm (2-ch) and 400 ohm (16-ch) 

Here are just two of the possible applications 


If you are interested in a higher OFF isolation. 


we have developed an interesting switch 
Write for more data today. 


Siliconix the first name 
for Analogue Switches 


Siliconix Limited 
SALES OFFICE 

30A High Street, Thatcham 
Newbury, Berks. RG13 4JG 


Tel. Thatcham (0635) 64846 Telex 849357 


MANUFACTURING FACILITY 
Morriston, Swansea (UK) SA6 6NE 
Tel: (0792) 74681 Telex: 48197 


DISTRIBUTORS 

Atlantic Components Ltd 

Tel: Leicester (0533) 65931 Telex: 341485 
Semiconductor Specialists (UK) Ltd 

Tel: West Drayton (08954) 46415 Telex: 21958 
Woolley Components Ltd 

Tel: Altrincham (061) 928 2289/7425 Telex 669735 


SILICONIX back in the lead 


CMOS 

without laich-up 
and without 
performance 
compromise 


() 
RESET 
ANO 


HOLO 


Typical Application: Integrator Reset & Hold 


sv 15v 


Typical application: 


0G200 

Vanable-Gain Amplifier with 

Multiplexed Inputs 

¢ Full signal capability even at 
unity gain! 

¢ Digitally-controlled gain and 
channel selection! 
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four to one. Union Carbide 
produces the sapphire crystals 
for such devices and the com- 
pany says that the largest market 
for sos in commercial cmos 
technology are in the memory, 
counters, multiplexers and 
microprocessor fields. 

One cannot ignore n channel 
devices either in the mos _pro- 
cesses. The devices fabricated in 
this technology have both a low 
threshold voltage and supply 
requirements as well as offering 
small dimensions. There are 
several ways of fabricating these 
devices and ion implantation 
may be used in various parts of 
the process either to control 
enhancement thresholds of the 
n type regions, to increase the 
field inversion voltage for better 
isolation between devices or to 
produce depletion load devices. 
Either metal gate or silicon gate 
is used but silicon gives lower 
threshold voltages. 

GIM has developed a simpli- 
fied n channel process based on 
the metal gate. From this process 
the company fabricates Isi mem- 
ory circuits. The company claims 
that this process is cheaper than 
the silicon gate process and 
GIM has made a 16 K rom using 
this technique. 

Charge coupled devices also 
deserve to be mentioned here. 
These devices are essentially the 
same as the isoplanar n channel 
mos technology and are minority 
carrier devices. Their advantages 
are lower power, low noise and 
high circuit density. The applica- 


Above: Compute aided design is used extensively. 


Below: Comparison of chemical and ion beam etching. 


tions of charge coupled devices 
which are manufactured by 
Fairchild are in such fields as 
digital memories, charge coup- 
led analogue shift registers and 
in image sensing. In fact the 
silicon nitride gates which are 
now used in some mos tech- 
nologies were pioneered for 
charge coupled devices. 
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However while mos_ tech- 
nology has been moving to- 
wards greater chip complexity 
and increased speed approach- 
ing that of bipolar circuitry, 
bipolar itself has not been stand- 
ing still. Although bipolar tech- 
nology is the acknowledged 
champion in the linear ic field, 
the means for bipolar to enter 


successfully into the Isi market 
did not arrive until the advent of 
1?L. This has now placed bipolar 
technology into a strong posi- 
tion in some areas such as watch 
circuitry. Now with the charac- 
teristics of 1?L being small gate 
size, reasonable speed and low 
power consumption, the limits of 
bipolar Isi has been stretched to 
the 1000 gates region while still 
giving the ability to combine 
linear, fast ecl, powerful driving 
stages and Isi on one chip. 

Second generation circuits 
such as Plessey’s Schottky |?L 
can now produce packing densi- 
ties of 1000 gates/mm2 and a 
speed power product of less 
than 0,05 pJ at low speed. In 
the memory .area the bipolar 
circuits have usually dominated 
the high speed performance end 
of the market but the faster mos 
rams are forcing bipolar circuit 
designers to improve the per- 
formance of their circuits even 
more. For example Siemens 1K 
ram has an access time of 15 
nsec and by using advances in 
technology such a passive isola- 
tion can often increase packing 
densities considerably. It is 
envisaged that it will be possible 
to permit the fabrication of 4K 
and perhaps 16K rams. Another 
technique which displays speeds 
better than conventional |?L is 
Schottky collector 12L and re- 
duces gata size. 

A technology known as col- 
lector diffusion isolation (cdi) 
which is manufactured by Fer- 
ranti is also an interesting con- 
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It’s curtains for old eight-bit thinking and planning. Teaming up with the 9900 


The TMS 9900 16-bit microprocessor is the start of anew breed - The 9900 doesn’t ride alone. The family will soon include: 
more efficient, more powerful and economic. SBP 9900 - I’L implementation of the TMS 9900 for 
For the old fashioned 8-bit, time is running low. military applications, with an operating 
The 9900 family is winning the showdown. temperature range of -55 C to +125 C. 
TMS 9980 - a 9900 with the data bus multiplexed to fit 
This is the score into a low cost 40 pin package and still 
The TMS 9900 and 990 family of minicomputers are _ retaining the full instruction set. 
opening up new territory in architecture, software support TMS 99XX -a microcomputer for high volume low cost 
and instruction power. The designer with 9900-based applications, using a sub-set of the TMS 9900 
product is now way ahead of others using 8-bit instructions. — ; ; 
microprocessors both in performance and design cost. SN54S481- a 4-bit slice arithmetic element, micro- 
The 9900 is a 16-bit microprocessor with Memory to programmable to emulate the 9900 or any 
Memory architecture giving complete programming other instruction set. 


flexibility. The powerful instruction set includes hardware ' 
Multiply and Divide. It’s quick on the draw with 16 x 16-bit The Good Guys ride together 


Multiply in 17.3 microseconds. The whole team are Software Compatible — not only with 
And there’s more support on the way: cach other, but with the TI 990 range of minicomputers too. 
TMS 9901 - a programmable interrupt and I/O controller. Join the good guys now - because the Magnificent 16 is 
TMS 9902/3 - asynchronous/synchronous communication here to stay. 
controllers. TIM 9904 -a four phase clock generator. Write or phone now for fullinformation to 


1 TEXAS INSTRUMENTS . 
LIMITED 


Microprocessor Centre (MS15), Manton Lane, 
Bedford MK41.7PA. Telephone 0234 67466. 
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cept. The company uses this 
technology in uncommitted logic 
arrays for custom design. The 
feature of collector diffusion 
isolation which makes it applic- 
able to the logic array is the fact 
that the bulk material of the 
ic can be used to distribute both 
the Vcc supply and the earth 
return current to all cells. 

The ULA consists of 187 
uncommitted cells which are 
complete except for the final 
aluminium interconnection pat- 
tern. When a customer specifies 
the logic function he requires 
the relevant interconnection pat- 
tern is generated to link up the 
required cells to provide the 
circuit function. This means that 
the uncommitted logic array can 
also be connected to form digital 
and linear functions on one chip. 
Signetics has a similar circuit for 
digital functions known as the 
field programmable logic array. 


Looking ahead 

There is little doubt that the 
use of techniques such as ion 
implantation and the future use 
of x-rays for lithographic pur- 
poses as well as ion beam etch- 
ing will serve to improve the 
performance of Isi circuits even 
more. lon implantation is in 
extensive use by most com- 
panies to control accurately 
doping levels within semicon- 
ductor materials. 

lon beam etching will prove to 
be a very interesting method of 
defining the structures on semi- 
conductor chips. Siemens has 
been working on such a system 
and the company has found that 
ion beams are capable of pro- 
ducing structure spacings of 1 
um or less. However it then 
becomes necessary to utilise 
different methods than are nor- 
mally used to create the struc- 
tures which are defined by a 
photomask. This is because the 
chemical etching processes 
which are employed at the 
moment have an undercutting 
effect which is of the order of 
magnitude of the depth of the 
etch and cannot be tolerated as 
structures become smaller. The 
present Siemens process em- 
ploys an ion beam which works 
mechanically like a sand blast- 
ing jet to cleanly cut out very 
fine chip structures. 

The Argon ions required for 
the cutting are directed onto the 
photoresisted silicon chips. The 
advantage of this process is that 
the chip structures are smooth 
in contrast to chemical etching, 
and the angle of the sidewalls 
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has a uniform value of 65°. 
Many companies are now 
actively involved in research 
into the use of x-rays for photo- 
lithography. In fact GIM are in- 
volved in a project jointly with 
the Massachusetts Institute of 
Technology to this end. They are 
developing an x-ray delineation 
technique which permits a factor 
of! ten increase in chip density 
There is also a move towards 
the use of gallium arsenide 
material for the production of 
high speed devices (see con- 
ference report). Although gal- 
lium arsenide is used exten- 
sively in the production of 
optoelectronic devices it is likely 
to prove an interesting material 
for Isi purposes as well as its 
other peculiar properties. The 
optic properties it displays could 
be used in Isi applications since 
it may well be possible to 
optically couple all the devices 
on the chip so eliminating some 
of the metalisation layers. 
Taking a broad look at the Isi 
industry we can see that im- 
proved bipolar ic technology has 
enabled bipolar rams to be 
produced with capacities com- 
parable to the mos types. The 
calculator circuit has had a 


Ferranti’s one 
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chip UP illustrates increasing chip complexity. 


profound effect on Isi tech- 
nology and over the past few 
years the number of chips 
required for a calculator has 
fallen from six to two and single 
chip calculators (and micro- 
processors) are becoming com- 
mercially available. 

The complexity of ics has 
grown exponentially. This has 
been achieved mainly by in- 
creasing the chip areas, by re- 
ducing line widths and by im- 
provements in devices and cir- 
cuits. Although many com- 
panies are studying x-rays 
methods and electron beams 
there is still a belief that optical 
methods can be improved upon. 
Results have shown that the 
exposure wavelength is only 
one parameter among many 
defining the resist contours after 
development. 

In order to fabricate devices 
with reduced dimensions smaller 
resist dimensions will be needed 
and improved processes for 
pattern definition and doping. 
Classical diffusion processes or 
ion implantation can be used 
for semiconductor doping. Both 
vertical and lateral doping pro- 
files need to be studied before 
the dimensions can be effec- 
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tively reduced. 

The reduction of dimensions 
alone would not be sufficient to 
produce a higher packing den- 
sity. The alignment of the dif- 
ferent masks in the process is 
critical to the realisation of more 
complex chips. 

The present situation between 
bipolar and mos is still a divided 
one. At the beginning of the 
1970's mos devices were con- 
sidered cheap but slow, while 
bipolar circuits were fast but 
rather expensive. However this 
situation is being challenged. 
The attributes of mos which 
makes the manufacturing pro- 
cess cheaper is the lower num- 
ber of stages required. 

There is only one diffusion 
step needed, the self isolating 
properties of the circuit elements 
are useful since fewer intercon- 
nections are required and they 
have a higher packing density. 
For the systems designer mos 
circuits have the advantage of 
high impedance and low power 
dissipation. However the ad- 
vantages of bipolar are faster 
speed, high current handling 
and higher voltage gain coupled 
with low supply voltages. 

In addition mos requires that 
precautions be taken to avoid 
electrostatic charges causing 
gate oxide breakdown which are 
not necessary in the case of 
bipolar circuits. 

In the past few years changes 
have been occurring in the 
industry. CMOS technology has 
increased the speed of mos to 
nearly that of bipolars but the 
extra diffusion which is used in 
the process raises the cost. Also 
the cdi and isoplanar processes 
used in the bipolar technology 
have simplified manufacture by 
the elimination of one diffusion 
step and operating speeds are 
faster than that of mos or core 
memories. The future trends in 
the digital ic field will continue 
to be towards increasing com- 
plexity and faster operation with 
1?L reaching the density per- 
formance of mos. 


Further information on the 
companies mentioned may _ be 
obtained from our reader enquiry 
service. 
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Multilin. Adecade 
f dependability... 


Reliability proven by in-service experience 
Express custom design service 
Application service 


and now 
Anextended range of circuits 
An extended range of packages 
Off-shelf delivery for small quantities 


FERRANTI 


HYBRID MICROCIRCUITS 


Ferranti Ltd., Aircraft Equipment Dept., 
Lily Hill House, Lily Hill Road, 
Bracknell, Berkshire RG12 2SJ. 
Tel: 0344 24001 Telex: 8481/7. 
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In your factory - 


build better offices, 
storage areas, 
security enclosures, 
spray booths 


...and save money. Dexion Simplan 


The attractive partitioning — for looks and price. 
Dexion Simplan is about the smartest industrial partitioning system around. The most Post to: Dexion Ltd enquiry service, P.O. Box 7, Empire Way, 
complete too. It has various features — (like the wood veneered doors, the neat Wembley, Middx HAS OJW. Telephone: 01-902 1281. 
skirting board, the smooth, tough finish) that show that your factory admin areas are r | a fF FH Fe. hue | 


not temporary, we- -couldn’t-afford-anything-better structures. 
Yet Simplan isn’t just walls, doors, hatches, grilles . . . you can include ceilings too. Please send me information 

: Assembly is fast. A couple | on Simplan partitioning. 

of your men could build a | would like a representative to call. Please 
brand new office complete — | telephone me to arrange an appointment. 
in a few hours. 

And the price? 

A good deal less than you 
would pay for poorer-quality, 
not-so-attractive, incomplete 
systems. 

4 Surprising. But we can do it. 


i 
i 

@DEXION. | ——— 
L 


Name 


Position 


Company. | 


Address __ 


For more information, Tel. 
complete and post the 
coupon — today! 


B451N 
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INTRODUCING THE FIRSTOF A 
NEW GENERATION OF 
APIEZON OILS -AP 301 


AP 30lis a diffusion pump fluid that is used to 
produce high vacuums in a wide range of equipment. 
Typical applications include its use in the electronics 
industries (pumping of TV cathode ray tubes) metal- 
lurgical industries, space simulation enclosures and 
many aspects of scientific research. 


AP 301 is particularly attractive in that it does 
not readily polymerise and maintains its fluidity on 
exposure to quite high doses of radiation. 


Itis also particularly suitable for systems where 
electric discharge or filament emitters are involved: 
being anon-silicone and non-corrosive material 
it leaves no harmful films or deposits that could damage 
delicate components. 


Developed with high operating temperatures 
in mind, AP 30] has a high boiling point, low viscosity 
and it can be poured at extremely low temperatures. 
| For more information on this new product and 
others in the Apiezon range of oils, greases and waxes 
contact your Shell company. 


Apiezon Oil AP 301 
the first ofa generation 
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GaAs fet amps 

The AMT-15008M, GaAs fet, 
thin film, wideband amplifier 
covers over an octave from seven 
to 15 GHz, in C, X and Ku- 
bands. Gain is 30dB, power 
o/p +7 dBm and the nf is 8,5 
dB at 25°C. Development of 
seven to 18 GHz GaAs fet’s to 
replace low noise twt’s using an 
advanced thin film gold multi- 
tefactory metal deposition on a 
ceramic substrate, with a 0,5 
micron gate will be the next goal 
for the manufacturers. Wa/more 
Electronics, London. 340 


Micro-tutor 
The Microtutor 8080, is a fast, 
simple and cost effective way 
to develop an understanding of 


pP’s, The system is a full 8-bit 
micro-computer with an 8080 
cpu, a 1k x 8-bit ram, an 1/0, 
an interrupt instruction and 
status port. Limrose Electronics, 
Northwich, Cheshire. 341 


Pulse converter 

The MC14408/09 binary to 
phone pulse converter sub- 
systems are designed to convert 
a 4-bit binary i/p code to a 
number of serial o/p pulses, 
corresponding to the value of 
the i/p code. Features include a 
fifo memory storing the last 
number dialled for ease of reten- 
tion, a dialling capacity of 16 
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digit numbers and_ selectable 

dialling rates. Motorola Semi- 

conductors, Wembley, Middx. 
348 


Op-amps 

Two versions of the MC1741 
and MC1458 op-amps, feature 
low noise performance, have 
good peak noise voltages refer- 
red to the i/p <20 uV, measured 
in a bandwidth from 1 Hz to 
1 kHz over a 10 s period. Source 
resistance is 100 kQ. Motorola 
Semiconductors, Wembley. 342 


Converters 

This modular converter takes as 
an i/p any dc-V in the range 20 
to 35 V and provides o/p volt- 
ages of +15 V at 100 mA and 
+5V at 400 mA. Designated 
PUI1645, it provides power for 
ttl logic circuits and is ideal for 
converting rough dc_ source 
voltages. Memory Devices, E. 


Molesey, Surrey. 343 
Log ratio module 
A recent introduction is the 


model 757, a complete tempera- 
ture compensated, dc coupled, 
six-decade log ratio module. 
Log conformity is to within 
+5% max. from 10 nA to 100 
uA. The design is such that the 
symmetrical fet i/p stages, with 
bias currents <10pA, allow 
either i/p to be operated within 


the specified dynamic range. 
Analog Devices, E. Molesey, 
Surrey. 344 


Input filters 

A range of mains i/p filters 
designated FN322 are par- 
ticularly effective for protecting 
equipments containing either 


ttl or cmos circuitry. They are 
current rated at 1,3 and 6A 
with 250 V rms mains working. 
The filters are screened from 
external electric or magnetic 
fields and have good attenuation 
characteristics, 40 dB over a 
frequency from two to 3 MHz. 
Waycom, Bracknell, Berks. 345 


RF connectors 

The LP series of low profile’ rf 
connectors are designed for use 
on semi-flexible coaxial cable 
or similar cable. They feature a 
high performance at frequencies 
up to 18 GHz. Three sizes are 
available from 6,35 to 12,7 mm 
cable diameter and may be 
interchanged with tnc or type N 
interfaces. Sea/ectro,  Ports- 
mouth, Hants. 346 


8-bit dac’s 
The DAC90 is a monolithic 
8-bit dac complete with internal 


voltage reference. Settling time 


to +0,2% is 200ns and the 
stability of the internal diffused 
resistors provide non-linearity 
of <+0,2% over the tempera- 
ture ranges. Gain drift is +50 
ppm/°C, with temperature 
ranges from —25 to +85°C. 
Burr-Brown Int., Watford, Herts. 

347 


Test system . 

To meet the need of testing the 
latest pcb’s with their added 
complexities is the FF101A, an 
in-circuit Component test sys- 
tem. The system can apply as 
many as 900 points to boards 
with circuit areas up to 444,5 x 
647,7 mm. The system can be 
supplied with a 10 programme 
magnetic core memory for oper- 
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ator selection of a particular 
board for testing. Microtesting, 
Alton, Hants. 349 


uP supplies 

These power sources, type EMP, 
are designed to provide low- 
cost power for uP based sys- 
tems. The series provides the 
required flexibility for driving 
microcomputer, ram and similar 
logic systems. Other charac- 
teristics include remote sensing, 
parallel operation for the primary 
5 V rails and sequencing. Ripple 
and noise figures are two and 
5 mV pk-pk. Coutant Electronics, 
Reading, Berks. 350 


Power sources 
A new. programmable power 
supply, the HP6002A, provides 
a full 200 W o/p in the 20 to 50 
V range. The unit operates both 
as a constant voltage and cur- 
rent source. Voltage o/p_ is 
adjustable from zero to 50V 
whilst the maximum available 
current is automatically con- 
trolled. Conversely, current o/p 
is adjustable from zero to 10A 
with the voltage being con- 
trolled to maintain the power 
boundary. Hewlett-Packard, 
Winnersh, Wokingham, Berks. 
351 


Sequence circuits 

These two decade sequencer 
circuits, the 9319 and -/20, 
provide the capability to se- 
quence through ten states at a 
guaranteed clock rate of 35 
MHz. Sequencing can be trun- 
cated synchronously or can be 
expanded to any number. The 
o/p are glitch-free, obtained by 
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using a decoded Johnson coun- 
ter technique. The -/19 has 
standard ttl o/p that can drive 
ten ttl loads, the -/20 has dtl 
level o/p to facilitate interfacing 
with mos or cmos. Fairchild 
Semiconductor, Barnet, Herts. 
352 


UV prom’s 

Expanding the range of support 
circuits available for the F8 
and advanced Z80 uP families, 
has been the basis for thé intro- 
duction of a 256x8 uv- 
erasable prom. The device has 
an access time of 550 ns for the 
MK3702T-1 and 1 us for the 
MK3702T-3. The device is fabri- 
cated using a p-channel Si-gate 
process with ion-implanted de- 
pletion mode loads. Mostek UK, 
London. 353 


Keyboards 

The E range of pushbutton con- 
trol and signalling units are 
suitable for the construction of 
multi-way keyboards. Utilisa- 
tion has been made of standard 
rotary switches with a contact 
operation of six 4 A c/o con- 
tacts at 110 V, or n/o or closed 
contacts at 220V. Different 
colours and physical shapes are 


available. Entrelec, Felpham, 
Sussex. bs 354 
IR-diodes 

The XC1209 is an_ infra-red 


emitting diode with a typical 
power o/p of 1,5 mW at a for- 
ward current of 20mA. IR 
radiation peaks at 940 nm. Maxi- 
mum power dissipation at 25°C 
ambient is 75 mW and maxi- 
mum forward dc current is 50 


mA. Line width of the o/p is 
typically 50 nm, reverse current 
10 uA, rise time 300 ns and fall 
time 200 ns. Distronic, Harlow, 
Essex. : 356 


HV power supplies 
The H16 hv power source is 
packaged in a double width 
module designed to the 6000 
series specification laid down 
by UKAEA. The unit provides 
positive voltage of 5kV at 50 
uA and is intended for use with 
semiconductor detectors. Stabi- 
lity is within 1%/hr and ripple 
<15 mV pk-pk. Output linearity 
is +0,1% fs, accuracy of settling 
is +10V and resolution is 
+0,05% fs. Brandenburg Nu- 
clear, Thornton Heath, Surrey. 
357 


Alphanumeric displays 

Compact and complete with on- 
board electronics, these alpha- 
numeric displays, designated the 
HDSP-2000, feature 3,8mm 
high numerics offered in stan- 
dard dip’s. Each package has 
four digits which are end stack- 
able. On-board are shift regis- 
ters and externally program- 
mable constant-current drivers, 
simplifying associated circuitry. 
Each character is formed with a 
five by seven dot matrix capable 
of displaying the full ASCII 
code. Hewlett-Packard, Wok- 
ingham, Berks. 363 


Sweep oscillator 

The model 554 is a compact 
sweep oscillator providing fre- 
quency coverage from eight to 
12,4 GHz. Power o/p over the 
range is >10 mW. Frequency 
limits of the sweep can be set 


to the nearest 10 MHz by two 
thumbwheel controls. The unit 
may be operated at fixed fre- 
quencies using the manual scan, 
or in slow single or fast auto- 
matic modes. Flann Microwave, 
Bodmin, Cornwall. 364 


Stackable bargraphs 

Announcing the introduction of 
a 12 segment bargraph using 
high efficiency GaAsP diodes 
spaced on 2,54 mm centres. 


The devices are available in a 
24-pin dil package and are end 
stackable with all cathodes and 
anodes available. Bowmar /nsts., 
Weybridge, Surrey. 355 


Indicators 

The Rafix range of industrial 
pushbuttons, selector switches 
and indicators have fitted con- 
tact blocks with up to three c/o 
heavy duty contacts. Typical 
ratings are 10A at 240V ac 
and 5A at 500V ac. Various 
coloured lenses can be fitted to 
the push-button. Londex, Lon- 
don. 358 


GaAs fet’s 

The first of a new family of 
GaAs Schottky barrier fet’s the 
model HFET-1000, features a 
14,5 dBm linear power o/p at 
10 GHz. The nf at 10 GHz is 


3,6 dB typical with a 6,9 dB 
associated gain ; maximum avail- 
able gain at that frequency is 11 
dB. Designed for use in low 
noise amplifiers in the two to 12 
GHz range, it incorporates a one 
by 500 micrometer gate. Hew- 
lett-Packard, Wokingham, Berks. 

359 


Power sources 
These high performance dc/dc 
power sources, provide 5V, 
dual 12 and 15 V o/p from five, 
12, 24 or 28 V dc inputs. Three 
and 5 W o/p power is available. 
The devices are ideal for applica- 
tions requiring low o/p ripple 
and low noise, such as preci- 
sion data acquisition modules 
and high performance op-amps. 
Reliability Inc., Nenagh, Eire. 
366 
Precision resistors 
A new range of miniature and 
sub-miniature moulded wire- 
wound precision resistors, are 
approved to BS9113. The NPRB 
axial and NPRL radial styles are 
approved for the range 51 to 
500 kQ2 with tolerances from 
+0,05 to +1%. Tempcos. span 
10, 15 and 20 ppm/°C with 
power ratings up to 2 W at 70°C. 
Erg Comps., Dunstable, Beds. 
370 


Enquiry Service 
For rapid access to further 
information, use the reply 
paid card at the end of 
the commercial section. 
Our R.E.S. department 
provides same day turn- 
round on all enquiries. 
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Range 1.7kVA to 430kVA, single or three phase. BAII models cater for voltage fluctuations of 
—20% +10% or = 16.5% mOutput voltage stability + 0.5% mlmproved correction rate up to 
36% per second. Manufactured to DEF STANDARD 05 - 24 Most models Ex stock 


Ling Dynamic Systems Limited., Voltage Stabiliser Division, Baldock Road, Royston, 
Herts. SG8 5BQ. Telephone: 0763 42424 Telex: 81174. 
A Subsidiary of British Electronic Controls Ltd. 
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Whatever your signal processing job, 
there's a f/V converter made 
with you in mind 


Teledyne Philbrick’s new hybrid 4722 f/V converter, for 
example, accepts input signals of any waveshape. And trans- 
forms them into a DC voltage which is a linear function 
eo the input frequency, with 0.02 % linearity. 


There are applications in all RPM measure- 
ments and control, frequency and flow- 
Bs = measuremenis, FM demodulation, 
telemetry and so on. 


In fact the only limit is imagination 
because Teledyne Philbrick offers a 
broad enough range to cover al- 
most any f/V specification you can 
invent, with linearities down to 
0.005% and frequencies up to 1 MHz. 


Ask us. One of our models will probably 
fit into your mill. 


Heathrow House, Bath Rd, Cranford, Middx. Tel: (01) 897 2501 Telex: 935008 


| #™e TELEDYNE PHILBRICK | Quarndon Electronics Ltd. Tel: Derby 32651 


Linburg Electronic Ltd. Tel: Dalgety Bay 823222 
TEES ey come Kae are eee Re Re Or Ou EE | 
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Compared to this, most 
power supplies area 
waste of energy. 


Most mains frequency stabilised systems 
dissipate large amounts of energy. 

But not the new 2.8kW power supply from 
Hunting Hivolt. 

Its solid state circuitry and H. F inverter 
saves more energy than ever before. 

And ripple is reduced whilst the output 
voltage stability is greatly improved. 

The 2,800 series is available in eight 
output/current ranges from 25kV at 112mA to 
200kV at 14mA. So it’s ideal for X-ray quipment, 
electron welding, ion implementation and lasers. 

Finally, it’s worth noting that it’s compact, 


robust and air insulated. 
Find out more about the 2,800 series and 


other Hunting Hivolt power supplies from below 
30W to 3kW. 


Hunting Hivolt power supplies. 
| Name | 
| Company | 
Address 


HUNTING HIVOLT 


| Hunting Hivolt Limited, Old Shoreham Road, | 
Shoreham-by-Sea, Sussex BN4 5PL. 
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SELECTEST 


SUPER 50 


Test = “<28 | 
Match “See! 


The Selectest and the Minitest. 
Two fine multimeters from SEI. 


See how we measure up! 
Use the coupon now to obtain full details. 


Salford Electrical Instruments Ltd. 
S EF Peel Works, Barton Lane, Eccles, 
Manchester M30 OHL 


Telephone: 061-789 5081 
Telex: 667711 


SEC A member company of GEC Electrical Components Ltd 


ee eee ee a 


F Please send me full technical information on: 


i] 
|OSelectest © Minitest i 
J | 
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uP kit 

This latest uP kit acts as the 
basis for a complete develop- 
ment system. The ISP-8P/301, 


is based on the 8-bit SC/MP 
uP and allows simple program- 
mes to be entered, in Hex code, 
into the memory. The kit is able 
to manipulate and display the 
programme and to control pro- 
gramme execution in a way that 
permits bugs to be corrected as 
they are discovered. National 
Semis, Bedford. 362 


Analogue multiplexer 

A new series of four, eight and 
16 channel analogue multi- 
plexers manufactured with a 
dielectrically isolated cmos pro- 
cess has been designated the 
MX series. These units feature a 
high degree of immunity to i/p 
and power fault conditions. All 


models achieve transfer accurac- ; Cuit, 


4 Digits 


ies of 0,01% at channel sampling 
rates up to 200 kHz for i/p 
signals ranging between +10 
V. The dielectric isolation be- 
tween channels holds crosstalk 
down by 86 dB. Date/ Basing- 
stoke, Hants. 365 


Signal processing 

A new generation of signal pro- 
cessing modules with analogue 
and digital displays offer a pos- 
sible 110 combinations giving 
a wide range of signal proces- 
sing displays. Presentation is 
either one, two and three width 
modules for rack, case or panel 
mounting. Other modules offer 
signal averaging of pulsating 
signals, dual i/p square root 
extractors, signal ratioing and 
mass flow computing. Gervase 


Inst., Cranleigh, Surrey. 367 
pP systems 

These two new uP systems 
form complete 8-bit micro- 


computers on only two chips, 
cutting the cost of equipment 
systems by a claimed 50%. 
Designated the PPS-8/2 family, 
both systems provide two chip 
microcomputers with cpu, one 
automatic serial and 16 parallel 
\/O ports, 16-bit interval timer, 
three level interrupt, clock cir- 
64 x 8 ram and either 
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1024 x 8 or 2048 x 8 rom. Both 
use the full instructions avail- 
able in the standard PPS8 sys- 
tem. An inexpensive 3,5 MHz 
tv crystal is the only component 
required to complete the micro- 
computer, replacing five Isi cir- 
cuits previously required. Pe/co 
(Electronics), Hove, Sussex. 368 


Switching sources 

The Melcher range of dc/dc and 
ac/dc switched mode power 
supplies are short circuit pro- 
tected with foldback protection. 
Inhibit versions feature on/off 
switching from logic. The dc/dc 
range is designated SMR and 
offers 5 V supplies up to 12 A 
and 12 V up to 6 A. The ac/dc 
version, LSR15, gives 15 W o/p 
from five, 12, 15 and 24V. 
Future versions will cover a 30 
and 60 W range of 0/p. MEMEC, 
Whitchurch, Bucks. 369 


Preamplifier 

Designed to enhance measure- 
ments of low-level signals, the 
model 10855A preamplifier in- 
creases by a factor of ten instru- 
ment sensitivity. Minimum gain 
is 22 dB (24 dB typical) and 
Operation comes from power 
sources of +15 V at 40 mA or 
from instruments with probe 
power output. Features of the 
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unit are its gain of 22 dB or 
greater from two to 1300 MHz, 
+1 dB flat response, 502 i/p 
and o/p impedances, fuse pro- 
tection and reverse isolation of 
>45 dB. Hewlett-Packard, Win- 
nersh, Berks. 371 


Optical fibre 

Hytran T400 is a new optical 
fibre bundle sheathed in fluoro- 
carbon Tefzel, making it suitable 
for use in avionics and hv sys- 
tems. It is ideal for communica- 
tions links up to 40 metres long 
and is designed specifically for 
use with inexpensive led’s and 
coupling components. Attenua- 
tion is 400 dB/Km over 800/900 
nm with a numerical aperture of 
0,66. The range now caters for 
transmission distances up to 500 
metres. Pilkington PE, St Helens, 
Merseyside. 372 


Memories 

Three new 256 x 1 ram’s, types 
GEF4720, -/20 V and -/20V/S1 
are the latest additions to the 
Locmos series. The 4720 and 
-/20V are static devices with a 
power consumption of 5 uA. 
The former device has a supply 
voltage from three to 15 V and 
an access time of 550 ns. The 
latter devices range from three 
to 10 V. The -/20V/S1 is a speed 
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selected version with an access 
time of 400 ns at 5 V and 130 
ns at 10 V. Mullard, London. 360 


Opto-isolators 

The OPI 120, 15 kV. opto- 
isolator uses a_ hermetically 
sealed sensor and led with con- 
ventional three lead transistor 
o/p. A high current transfer ratio 
is afforded, typically 70% being 
obtained. The sensing tran- 
sistor offers 25 V capability and 
a continuous ON current of 
50 mA. The GaAs led can with- 
stand currents of 150 mA. 
Switching time is low at 2,2 us. 
Norbain Opto-Electronics, Read- 
ing, Berks. 361 


Trigger transformers 

The PL9200 series of trigger 
transformers are low cost trans- 
fer units for high amplitude or 
long duration pulses without 
saturation. They are designed 
for trigger source isolation in 
half and full wave scr power 
control circuits including motor 
speed and incandescent light- 
ing controls. Bourns (Trimpot), 
Hounslow, Middx. 376 


Regulator circuits 

These two ‘settable’ micropower 
voltage detector circuits, the 
ICL8211 and -/8212 are cap- 


able of measuring between two 
and 30 V. The -/8211 o/p is ON 
when the voltage detected falls 
below a desired value and 
similarly the -/8212 o/p is ON 
when the voltage rises above 
the required value. Both devices 
maintain virtually = constant 
power supply currents, typically 
20 uA. The o/p of the -/8211 in 
its ON state is current limited to 
7 mA, the o/p from the -/8212 


is variable. /ntersil, Reading, 
Berks. : 377 
Camera tubes 

A range of silicon intensifier 


target camera tubes, includes a 
family of low-bloom devices 
and a 12 mm tube for compact 
systems. The 4804/H family 
utilise a silicon diode array 
target and are offered in a selec- 
tion of potting configurations. 
The C21199/P1 is a 12 mm in- 
tensifier target tube designed for 
use in compact tv systems. It 
measures 150mm _ in_ length 
with a neck diameter of 17,5 
mm. RCA Solid State, Sunbury- 
on-Thames, Middx. 373 


Isolators 

Two new ranges of optically 
coupled isolators utilising GaAs 
ir-led’s together with silicon 
phototransistors are housed in a 


single 6-pin plastics dil package. 
The NSL150 and -/250 ranges 
have minimum isolation of 1,5 
and 2,5 kV respectively and in- 
sulation resistance of >101!Q. 
The coupled characteristics of 
these devices provide a high dc 
current transfer ratio of up to 
20%. They have fast rise and fall 
times typically 2 us and low 
dark currents of 5nA. NSL, 
Altringham, Cheshire. 374 


Timer-counters 

Two new general purpose timer- 
counters, the TC311 and 314, 
offer bandwidths of dc to 10 
MHz on two channels in both 
instances. The 314 has an 
additional channel spanning 20 


Hz to 50 MHz. pastures include 
a variable display time, a choice 
of store or follow modes and a 
high stability internal crystal. 
AC/dce coupling with an i/p 
impedance of 1 MQ, i/p filters 
and attenuators etc, are avail- 
able. Display time is variable 
between 0,2 to 5s or held. 
Gould-Advance, Hainault, Essex. 
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8k-ram’s 

This 8k nmos dynamic ram is pin 
compatible with existing 22-pin 
4k memories. Known as _ the 
AMS7008, it features an access 
time of 125 ns and is cheaper 
per bit on a system level. Di-An 
Data Systems, Stockport, 
Cheshire. 382 


4k dynamic ram’s 

The 2680 family of dynamic 
n-channel mos 4k ram’‘s, offers 
a 4096 x 1-bit word organisa- 
tion. Designated types 2680, 
-/1 and -/2 they have maximum 
access times of 200, 270 and 
350 ns and cycle times of 400, 
470 and 800ns respectively. 
Typical values of supply voltages 
are 12, 5 and —5V. Refresh 
time can be carried out in 2 ms 
by performing a read cycle at 
each of the 64 row addresses. 
Mullard, London. 383 
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Enquiry Service 
For rapid access to further 
information, use the reply 
paid card at the end of 
the commercial section. 
Our R.E.S. department 
provides same day _ turn- 
round on all enquiries. 
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COUNTLESS 
COUNTERS. 


Why put up with a counter that’s almost what you need, when you can get exactly what you want from Malden? 
Without paying for the bits that you don’t want! 

From three basic modules there are various permutations to give 20 different models, in 4, 5, 6 or 7 digit 
configurations, so you choose the options that suit you best. 

No other rianahiccuie: gives you this. kind of versatility and variety. To meet your needs exactly. 
And options can be fitted within 10 days to a stock instrument. 

They’re all featured in our new catalogue. 
It’s important you have a copy: 

And you know that all the past 
Venner Electronics expertise goes into the 
new name that is already well established for 
ultra reliability. Malden. 
You probably knew us well before. 
You'll certainly want to know us better now. 


_ Malden Electronics Limited, Malden House, 579 Kingston Road, 
Raynes Park, London SW208SD. Tel: 01-543 0077 


MALOEN 


Only the name has changed 
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niro ucing EDGEBLOCK BJ 


the combined EDGE connector and screw terminal BLOCK. 


Pye EDGEBLOCK BJ is unique. A Aigh quality PCB instrument, plug your printed circuit board directly 
edge connector and screw terminal block combined. into EDGEBLOCK BJ. Externally, make your screw 
In a range of sizes 4 to 24 way on 0.2” centres, terminal connections in the usual way. The saving’s 
single-sided. enormous. Materials, stockholding, time, expense. 
lf you manufacture electronic instruments you No intermediate wiring, soldering, wire wrapping, 
don’t need PCB connectors and screw terminations power tools. And fewer wired connections just fas 
anymore. Just use EDGEBLOCK BJ. Inside the to improve the quality of your product. All with 


greater packaging density. 
Servicing’s simpler too, if you ever need it ! 
\. Send for the literature on EDGEBLOCK BJ. There 
are many more features — all to help you save. 


ee Pye Connectors Ltd 


Hitchin Street, Biggleswade, Bedfordshire, SG18 8BH. England 
Tel: Biggleswade (0767) 312086 
Telex : 82288 PYECONNS BWADE 


A member of the Pye of Cambnage Group 
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CMOS adc’s 

The ADC586 series is a cmos 
integrated adc available as eight, 
10 and 12-bit units, housed in a 
24-pin ceramic dil package. 
Temperature span covers —40 
to +85°C. Power dissipation is 
low, typically <20 mW. Mono- 
tonic with no missing codes, 
this accurate series has a non- 
linearity drift of <2,5 ppm/°C 
and is low power ttl and cmos 
compatible. Conversion times 
are 1, 8, 6 and 24 ms respec- 
tively. Hybrid Systems, Cam- 
berley, Surrey. 375 


Digital multimeter 

The model 3435A, 33 dmm has 
a unique ‘touch hold’ probe, 
available as an accessory, that 
allows the user to ‘freeze’ the 
reading on the display. The unit 
covers a dc measurement range 
from 200 mV to 1,2 kV fs; an ac 
range from 200 mV to 1,2 kV 
rms fs over a 30 Hz to 100 kHz 
bandwidth. AC and dc current 
measurement range spans 200 
vA to 2A. The resistance range 
is 10 mQ to 20 MQ. Hewlett- 
Packard, Winnersh, Berks. 379 


RF amplifier 

The model 500M provides cover- 
age of the frequency range one 
to 600 MHz in the form of a low 
cost broadband linear amplifier. 
The unit boosts the o/p of signal 
| generators, sweep generators or 
oscilloscopes by a nominal 27 
dB. Capable of 0,5 W of linear 
Class A power, it will drive a 
constant forward power into 
any load from an open to short 
circuit. EN/, Hitchin, Herts. 380 


Light sources 

Self-luminous light sources or 
‘microlights’ consist of sealed 
borosilicate glass capsules hav- 
ing substantial wall thickness, 
coated internally with a phos- 
phor which is excited to lumines- 
cence by Tritium gas. They are 


available in a wide range of 
shapes and sizes and can be 
produced having _ brightness 
levels from 20 to 2000 uL. 
Colour conformity is either green, 
blue, yellow, orange and red 
emissive. A Gutekunst KG, W 
Germany. 384 


Broadband attenuators 

These broadband attenuators 
for use to 18 GHz feature SRM- 
SMA connector interfaces. Four 
values are available three, six, 10 
and 20dB. VSWR is 1,23:1 
maximum at 10 GHz and 1,35 :1 
at 18 GHz. Rated at 2 W average 
power and 500 W peak power 
they have sensitivity >0,001 
dB/dB/W. Sealectro,  Ports- 
mouth, Hants. 386 


Amplifiers 

These two vhf/uhf hybrid ic 
amplifiers cover the frequency 
range from 30 to 890 MHz. The 
model MC5120 has a voltage 


gain of 20 dB with a nf of 8 dB. 
The model MC5121 has a gain 
of 26 dB with a nf of 7 dB maxi- 


mum. Dale Electronics, Cam- 
berley, Surrey. 387 
DC/dc converters 

The Powercard 15 W_ dc/dc 


converters are suitable for i/p of 
24 or 50V. A modular linear 
triple-o/p power source in the 
range Size 2 configuration fea- 
tures an o/p of 5 V at 1,5 A and 
+15 V at0,2 A. Also announced 
are adjustable linear stabilised 
supplies in two versions. The 
first offers a choice of voltages 
from 4,5 to 16 V and the second 
from 15 to 30 V. Current ranges 
are 0,5 to 10 A and 0,5 to 5A. 
In switching power sources is a 
new triple o/p DOL unit giving 
5V, 20A at 165 W; +12 to 15 
V at 2A, or 24 to 30 V at 2A. 
/TT Comps., Harlow, Essex. 388 


Rechargeable batteries 

A number of technological in- 
novations are incorporated in the 
new Pananica range of re- 
chargeable nickel-cadmium bat- 
teries. There are six batteries in 
the range with nominal capaci- 
ties at five hour rate varying 
from 3,500 mAh for the largest, 
down to 150 mAh at the other 
end of the range. A new con- 
struction is employed for the 
electrodes reducing the internal 
resistance of the battery. Symot, 
Henley-on-Thames, Oxon. 378 

2 


Digital voltmeters 

The model 8500A dmm is a bus 
orientated uP controlled mea- 
surement system capable of 
measuring dc-V, ac-V, dc/ac 


current and resistance by the 
addition of plug-in modules in 
any available slot in the bus 
structure. DC voltage measure- 
ment and dc ratio are standard 
features. DC voltage is measured 
over five ranges from 1 uV to 
1,2 kV with a basic accuracy of 
+0,001%. AC voltage is measur- 
ed with one of two options, the 
-/01 which is an average con- 
verter with an accuracy of 
+0,005%, or the -/09 true rms 
converter with an accuracy of 
+0,1%. With the ohms con- 
verter option -/02, four ter- 
minal resistance measurements 
from 10Q to 100 MQ fs can be 
made with an accuracy of 
+0,003%. Option -/03 allows 
ac/dc current measurements to 
be made from 1 nA to 1,28 A. 
Fluke Int., Watford, Herts. 389 


Transducers 

These two new pressure trans- 
ducers, the XT21A and -/B are 
both available in ranges from 
300 bar (4350 psi) up to 2000 
bar (29000 psi). Both units 
are small in size and feature a 
high frequency response, making 
them ideal for the measurement 
of dynamic pressures and tran- 
sients. /ntersonde, Watford, 
Herts. 395 


Enquiry Service 
For rapid access to further 
information, use the reply 
paid card at the end of 
the commercial section. 
Our R.E.S. department 
provides same day turn- 
round on all enquiries. 
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ir sights on Pye 
4 Capacitors 


for professional and industrial applications. 


“) Polystyrene: High precision, close tolerance designs. 
Electrolytic : 
“) Energy storage/discharge : Aerovox range — new to Pye. 


Now fire off your enquiry to: 
Pye TMC Components Ltd 


Capacitor Division, Oldmedow Road, Hardwick Industrial Estate, 
Kings Lynn, Norfolk. Tel. Kings Lynn (0553) 3855. 


Long life, high reliability types. 
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Telford: ere reap As have 
the golden Reis 


Hands that are willing and ready to do productive and profitable work. They 


belong to over 1,000 girls up to 60 years of age who would like Jobs | in 
incoming industry, and whose names we know, along with —3 2 
the names of lots of men too, both skilled and unskilled ¢ 


Skilled labour 
Telford has a register of skilled people of many 


trades. 996° of them in fact. They are ready to move to 


Telford with their families when suitable work is 
available. The unique ‘Homes & Jobs’ Plan ensures 
attractive low-rent homes for these newcomers. 
New factory units 

There's a wide choice of factory, from 1000 to 
37,000sq. ft., many with expansion room alongside. 
Leases 
for a move to larger premises in Telford. Rents 
start from as low as 75p per sq. ft. 
Communications 


nections he needs. The town's urban motorway ~& 
links industrial estates and will connect with 


the M6 when the M54 is completed. 
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can be surrendered without penalty to allow 4 


Telford gives the businessman all the con- we 


A good life 
At Telford, the needs of industry are balanced with 
the needs of the people. You'll find first class homes, 
.. schools, shops, sports and leisure facilities. Plus a rich local 
heritage and the renowned beauty of the Shropshire 
countryside. 
More details 
Bob Tilmouth, Commercial Director is ready with 
all the facts and figures on development 
opportunities at Telford. He’d love the chance to 
introduce your company to Telford's girls. Please 
phone him or write for further details of labour 
availability and industrial development 
opportunities at Telford. 


‘There were 996 skilled people on 
our list on 6th September 1976. 


Telford Development Corporation 


Priorslee Hall, Telford, Salop TF2 9NT Phone: (0952) 613131 Telex:35359 
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NEW PRODUCTS 


Microcomputer board 

A compact 254 x 161,9 mm 
single board computer using an 
8080 uP designated the QMS- 
80-1180, offers features includ- 
ing, 2k bytes of ram; full 
memory address decoding; built- 
in single step circuitry; RS232 
and 20 mA serial interfaces and 
1,5 k bytes of prom containing a 


comprehensive monitor  pro- 
gramme. The board is con- 
structed using mos and low 


power Schottky devices mini- 
mising power consumption and 
plugs into a single 2,54 mm 
pitch edge connector. Quarndon 
Electronics, Derby. 385 


Logic analyser 

Designated the-7D01, this logic 
analyser is a plug-in for the 
7000 series of ‘scopes. The unit 


has formattable 16 channel data 
acquisition, 4096-bit memory 
capacity and 16 channel word 
recognition capability. Features 
include a 15 ns asynchronous 
timing resolution, high impe- 


dance active probes, trigger 
marker and cursor and a pre- 
triggering feature for viewing 
faults before the trigger. 7Tek- 
tronix, Harpenden, Herts. 392 


Timers 

This surface mounted timer is 
offered with all time functions 
voltages, etc. Time ranges span 
0,15 s up to 60 hrs and due to 
its ease of fixing lends itself 
to conditions where vibration is 
experienced. Broyce Control, 
Brierley Hill, W Midlands. 393 


Mini printer 

The National range of spark- 
erosion printers are available in 
column widths of 15, 21, 32 and 
40 columns and fully alpha- 
numeric with symbols and graph 
capabilities. Print-out is by a 
7 < 5 matrix at a speed of two 
lines/s. Spectronics, Poole, Dor- 
set. 394 


Op-amp sources 

This low profile power supply 
module has been designed for 
energising op-amps or other 
devices requiring a balanced 
dual rail supply. Identified as the 
Op-Amp card supply, the unit 
operates from ac mains i/p in the 
range 100 to 130 or 200 to 260 
V and delivers a balanced dc o/p 
adjustable over the range +12 
to 15 V by means of a preset 
control. Maximum load current 
is 250 mA on each rail, with 
both load and line regulation 
>0,02%. Weir I/nsts., Bognor 
Regis, Sussex. 397 


Plug-in Icd’s 
The Polaris line of 34, 4, 43, 5, 
6 and 8 digit displays, 12 hour 


clock and 16 segment alpha- 
numeric field effect Icd’s, are 
available in a choice of either 
reflective or transmissive modes. 
The low power requirements, 
2,5 to 24 uW are ideally suited 
for portable equipment. The 
displays are cmos and mos com- 
patible offering wide viewing 
angles, up to 110° with a 20:1 
contrast ratio. /EE, Van Nuys, 
California. 398 


EPROM eraser 

A new range of powerful uv- 
lamps and accessories for eras- 
ing prom’s offer intense short 
wave capability which shortens 
erasure time. The S-52T is based 
on an ozone free grid tube with a 
rated life in excess of 10 000 
hrs. It features a timer assembly 
and holding tray with conduc- 
tive foam liner and will erase up 
to 16 chips in seven minutes. 
Ultra-Violet Prods., Winchester, 
Hants. 390 


Optical cables 

These cables suitable for a wide 
variety of applications, are made 
in lengths up to 1 km, having an 
attenuation of around 5 dB/km 
at 850 nm with rates up to 200 
Mbit/s at current repeater spac- 
ings. Up to eight optical cores, 
or a combination of cores and 
conductor wires are available. 
STL, Harlow, Essex. 391 


Modular keyboards 

The RC72 system can provide up 
to 30 positions both horizontally 
and vertically and will accept a 
complete range of switches, 
lampholders and snap-in 
covers. Either conventional or 
contactless switches, operating 


between 4,5 and 27 V, can be 
supplied, with the latter incor- 
porating Hall effect ic’s obviating 
bounce and ageing problems. 
The o/p comprises two uniphase 
signals from open collector 
transistors, simplifying the de- 
sign of encoding systems or 
alternatively a 2 us Schmitt trig- 
ger derived o/p pulse is avail- 
able. FES, London. 401 


Pushbutton switches 

The series 05 offers either led 
or incandscent lamp_illumina- 
tion devices. The product is 
available in both single and dp 
with n/o contacts. The series is 
rated at 0,25A at 125/250 V 
ac. The unit accepts a T12 wedge 
base lamp or red, green or 
yellow led’s. Licon Electronics, 
Portsmouth, Hants. 402 


Hybrid regulator 

This new hybrid regulator sub- 
system provides a full 5A of 
regulated power at 5V with 
built-in short circuit and safe 
area protection. The system, 
known as the 78HOS5KC, offers 
the advantages of a monolithic 
regulator at current levels not 
previously obtainable. Fajrchild 
Semis., New Barnet, Herts. 400 


Enquiry Service | 
For rapid access to further 
information, use the reply 
paid card at the end of 
the commercial section. 

Our R.E.S. department 
provides same day _ turn- 
round on all enquiries. 


continued > 


Post. Office 
Approved. 
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et your sights on 
Pye General Purpose Relays 


(_] Highly competitive in price O 
and quality. 

(_] 2, 4 and 6 changeovers, with an im 
extensive range of coils 


November 1976 


Single, twin, and heavy duty 
contact types. 

Supplied for direct wiring, plug and 
socket, or P.C.B. mounting. 


Pye TMC Components Ltd 


Roper Road, Canterbury, Kent, England. 
Tel: Canterbury (0227) 51571, Telex 965009. 
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The people who count. 


Veeder-Root, world leaders in industrial 
counting instruments, now produce a range 
of advanced performance electronic | 
counters. 

These meet the bill where counting and 
control functions need to be performed to 
the highest accuracy at fast recycle speeds. 
Using MOS/LSI circuit techniques and 
modern LED displays they far exceed the 


Operational—modular or metered BOP 


speed, life and reliability characteristics of * Voltage or current stabilised =“ Bipolar 
electro-mechanical counters. | * Programs like an op. amp. * Seven Models from 
For further information about electronic Lapa nero tcrenees + 15V to + 1000V 


* 


counters, post the coupon today or call our | « 
Dundee Sales Office. 


Isolated output 


, | 
A | 
| 


Fast slewing 


Only a BOP supply will let 


you do things like this. KEPCC) 


POWER SUPPLIES 7 


HMATION LIMITED 
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7991 Minicounter Totalizer A miniature, low price, all electronic counter with 8-digit , 

display for applications requiring fast, continuous counting and frequent reset Y PERMA -CODE 
Count speed: 5000 c.p.m. (83 Hz.) Count and reset life virtually unlimited. (5 figure 

(6.35 mm. display) Remote Reset Version also available). 
7992 Minicontroller Predetermining Counter A full feature, predetermining counter a 

having two preset levels and built-in batch totalizer. It also includes automatic reset W | re rm a r & r Ss 
for fast repetitive control functions and can be field programmed to count up or down. b 
Count speed; 4200 c.p.m. (70 Hz.) Count and reset life: virtually unlimited. 


7993 Maxicontrotler Predetermining Counter A full capability, 4 decade electronic 
counter with two levels of preset control and built-in batch totalizer. Compactly 
designed, yet completely self contained with internal photohead amplifier, pick-up 
power supply and output relays. provides easy application to any counting situation, 
field programmable for count up or count down operation. Count speed: 4200 c.p.m 
(70 Hz.) Count and reset life: virtually unlimited. 


Electronic counters by 


Veeder-Root. 
The peoplewhocount. 


=| VEEDER-ROOT Limited 


Kilspindie Road, Dundee, DD2 3QJ. Telephone: 0382 84161. Telex: 76146. 
Please send me technical information on the 7900 Range. 


Brady self-sticking Wire Markers tell which wire goes 
where, permanently . . . directly. The number on the 
wire list is the number on the wire. No confusing colors 
and tracers to convert. Brady stocks thousands of 
standard legends in five different sizes — four job-tested 
materials. Dispenser card mounted for fast application. 


Name 


Company 


Address Write for new bulletin and testing samples. FREE! 


BIRIAIO]Y., 


W.H. Brady Co., Ltd. 


DAVENTRY ROAD, INDUSTRIAL ESTATE, BANBURY, OXON 
EE} OX16 7JU. 
— ee ee ee oe ee eee eee Phone: 0295 56101. 
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he world of — 
ermann Electric 


The new 
range of 
high quality 
PVC cable 
trunking 
available in 
20 sizes. 
Enquiry No 160 


An entirely new 
selection of precision 
pliers, cutters and 
screwdrivers. 

The 35 tools range 
from delicate 
electronics to heavy 
duty and 
general use. 

Enquiry No 162 


The Hellermann 

series of cable binding 
systems and related 
tools. Systems 
include Kabelrap, 
Tyton, Spiral Binding, 
Strapping and Lacing 
Enquiry No 163 


The Hellermann Qo ¥ PZ A series of 
technology has , & & heat shrink 
developed a A Of sleevings available 
comprehensive range Wei in a range of 
of heat shrinkable | materials to suit 
Moldanized Shapes. different 
Shapes are also < environmental 
supplied to customer ie conditions. 
specification. : Enquiry No 165 
Enquiry No 164 “ter: 


Kingsley wire 


marking equipment. A comprehensive 


selection of wire 
stripping systems, 
from hand held 
tools to 
mechanised 
bench 
equipment. 
Enquiry 

No 167 


From the World of Hellermann Electric we offer you a range of more 
than 2,000 cable accessories and associated tools. 


Every one of Hellermann Electric's products has proven quality and 
value in countless applications in the electrical and electronics 
industries throughout the world. A divisioniot 


Every product is backed by technical expertise and quality of service. Bowthorpe Hellermann 
For full details of all Hellermann Electric’s products, United: 
ring or write to us today. 


ellermann Electric, Gatwick Rd, Crawley, West Sussex RH10 2RZ Tel: Crawley 28888. Telex: 87163. Cables: Hellermann Crawley. 
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How can you pick 
the smartest 
microprocessor system 
with an Inadequate 


evaluation kit? 


You can't. But there are plenty of 


companies that want you to try. 
With the AMI 6800, it’s a 


different story. Look at the chart 


comparing our new EVK 300 
evaluation and prototyping system 
with theirs. See what you've been 


missing? 


COMPETITORS—TOP OF THE LINE 


+12 VDC @0.035A 
—12VDC@0.15A 


+12 VDC @ 0.1A 
—12 VDC @ 0.05A 


+12 VDC @ 0.35A 
—10 VDC @ 0.20A 


PERDUE AMI MOTOROLA INTEL FAIRCHILD 
Model 6800 6800 8080 F8 
Designation EVK 300 MEK 6800 SDK 80 F8S 
Board Size TOS! ee 6H! 6.75" x 12" 8" x 10" 
Built-In EPROM 
Programmer Yes No No No 
(UV Erasable) 
RAM Supplied (Bytes) 1024 256 256 1024 
ROM Supplied (Bytes) 2048 1024 0 1024 
EPROM Supplied (Bytes) 2048 e) 1024 0 
(UV Erasable) (UV Erasable) (Sockets for 2K 
Bipolar Fuse Link) 
1/O Lines (Parallel) 58 16 24 16 
\/O Interface (Serial) 
e RS232C Yes Yes Yes Yes 
© 20 mA Current Yes Yes Yes No 
Loop-TTY 
Provisions for 
Slow Memory Yes No Yes No 
Power Requirements +5 VDC @3.5A +5 VDC @ 1.0A +5 VDC @ 1.3A +5 VDC @ 2.5A 


+12 VDC @ 0.5A 
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—50 VDC @0.035A 
(For EPROM 
Programming Only) 

DMA Modes 3 fe) 1 te) 
Interval Timer Yes No No Yes 
Fully Buffered MPU Lines Yes No No No 
Monitor Commands 10 5 6 6 
Built-In Software 
Utility Routines 23 0 2 7 
Breakpoints 
e Print Yes Yes Yes Yes 
e Snap-Shot Yes No No Yes 
Clock 
¢ Crystal Controlled Yes Yes Yes No 
e Alternate Variable 

Frequency Yes No No No 
Baud Rate 
e Selection Range 0 to 19,200 110 to 300 75 to 4800 
° Crystal Controlled ‘ 

Independent of Yes No No 

System Clock 

1838 


To begin with, on-board EPROMs 
make the difference between a 
meaningful tool and a hobby toy. 
Without them, program develop- 
ment is cumbersome and very 
expensive. 

Then there’s the on-board 
EPROM Programmer. It adds to 
the cost of the EVK 300. But 
without it, you pay a much higher 
price for EPROM programming.. 

And we give you another exclu- 
sive bonus: AMI 6800 Tiny Basic. 
This high-level interpretive 
language, derived from the standard 
Dartmouth Basic, comes to you 
free when we receive your EVK 
300 guarantee. 

You'll find plenty of other 
essential features that the others 
don’t feature at all. So compare. 
Then call your local AMI sales 
office, distributor or representa- 
tive, and ask to see our EVK 300. 
(He also has an unassembled kit 
with one EPROM, and a basic 
kit with none.) Or if you prefer, 
you can talk direct to our 
resident assembler at 

our Swindon design 
centre. 


I 


MICROSYSTEMS 
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Here’s 
AMI: 


THE AMI SALES OFFICES 
FRANCE 
AMI Microsystems S.A.R.L. 
124, Avenue de Paris 
F-94300 Vincennes 
Tel: 374 00 go Telex: 67500 

| LPALY 
AMI Microsystems S.p.A. 
via Pascoli 60 
I-20133 Milano 
Tel: 29 37 45 Telex: 32644 
UNITED KINGDOM 
AMI Microsystems Limited 
108a Commercial Road 
Swindon, Wiltshire 
Tel: Swindon 31345 Telex: 449349 
WEST GERMANY 
AMI Microsystems GmbH 
D-8000 Miinchen 80 
Rosenheimer Strasse 30 
Suite 237 
Tel: 48 30 81 Telex: 522743 


REGIONAL DISTRIBUTORS 

AND REPRESENTATIVES 

AUSTRIA: Ing. Ernst Steiner, Vienna 

Telephone: 82-26-74 

DENMARK: GDS-Henckel ApS, 
Havdrup 

Telephone: 38 57 16 Telex: 43168 


ENGLAND: Adrian Electronics Limited, 


Winslow 
Telephone: Winslow 3535 Telex: 837130 
Apex Components Ltd., Slough 
Telephone: Burnham (06286) 63741 
Quarndon Microsystems Ltd., Derby 
Telephone: 32651 Telex: 37163 
FINLAND: Atomica AB, Helsinki 
Telephone: 66 17 99 Telex: 121080 
FRANCE: Electronique MS, Rungis 
Telephone: 686-7425 Telex: 27287 
PEP-Produits Electroniques 
Professionnels S.A.R.L., Montrouge 
Telephone: 735 33 20 
ISRAEL: Tadiran Semiconductor 
Division, Tel Aviv 

ITALY: Celdis Italiana S.p.A., Milan 
Telephone: (02) 688 96 51 
NETHERLANDS: 
RITRO Electronics N.V., Barneveld 
Telephone: 50 41 Telex: 40553 
NORWAY : GDS-Henckel ApS, Drgbak 
Telephone: 93 15 97 Telex: 18024 
SOUTH AFRICA: Radiokom (1969) 

Pty Ltd., Pinegowrie 
SPAIN: Ataio Ingenieros S.A., Madrid 
Telephone: 733 05 62 (12 lines) and 
733 37 00 (8 lines) Telex: 27249 
SWEDEN: AB Rifa, Bromma 
Telephone: 08-262600 Telex: 10308 
SWITZERLAND: GDS (Sales) S.A., 

Geneva 
Telephone: 21 59 77 Telex: 28556 
GDS (Sales) S.A., Zurich 
Telephone: 472850 Telex: 28556 
WEST GERMANY: 
Aktiv-Electronic GmbH, Berlin 
Telephone: 771-4408 
Omni-Ray GmbH, Nettetal 1-Breyell 
Telephone: 4548 Telex: 854245 
Mikrotec GmbH, Stuttgart 
Telephone: (0711) 228 027 
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NEW PRODUCTS 


Modular power sources 

These encapsulated mains i/p power 
supplies offer a dual o/p fully stabilised 
for use with op-amps and_ other 
analogue devices. The D12-250 pro- 
vides +12 V o/p with 250 mA current/ 
channel. The D15-200 provides +15 V 
at 200 mA. Both units are overload 
protected, the foldback circuitry allow- 
ing approximately 150 mA under short 
circuit conditions. Cliffpalm, Luton, 
Beds. 404 


12-bit adc 

This new successive approximation 
adc performs complete 12-bit con- 
version in 2 ys. Designated model 
ADC-EH-12B3, it is claimed to be the 
industry’s fastest 12-bit device. Power 
consumption is 2,3 W and operating 
voltage is +15 and +5V dc with a 
gain tempco of +30 ppm/°C. Datel, 
Basingstoke, Hants. 405 


16k rom 

Designated the $6831, series A/B and 
C, these 2048 x 8 n-channel Si-gate 
depletion load rom’s have an access 
time of 450 ns and consume 150 mW 
of power. They are claimed to be the 
fastest currently available. The access 
time is maintained over a capacitive 
load up to 130 pF on the output. AM/ 
Microsystems, Swindon, Wilts. 406 


Push button switches 

A new design of illuminated push- 
button switches for pcb mounting is 
available in various types of switching 
configurations, including a two c/o 
version. Switches are available with 
locking or non-locking (momentary) 
action and will take 12 or 24 V lamps, 
(T4,6 size). Lens are provided with 
coloured inserts and various markings. 
Colstar, London. 407 


Power supplies 

These encapsulated power sources are 
desfgned for pcb’s. They eliminate 
the problems of volt-drops along power 
distribution buses and the need for 
remote sensing. Four units are avail- 
able PU25, +15V +25 mA; 1520, 
+15 V +200 mA; 5050, 5 V 500 mA 
and 5100, 5V 1A. Computing Tech- 
niques, Billingshurst, Sussex. 408 


Oscilloscope 

This 250 MHz portable ‘scope provides 
at the probe tip, the gain and band- 
width needed for measuring mV level 
signals at sweep rates of 1 ns/div. The 
475A can accurately examine transi- 
tion times to an accuracy of +1%. 
Features of the unit include, a variable 
trigger hold-off, push-button trigger 
display, automatic scale factor indi- 
cators and an optional battery pack. 
Tektronix, Harpenden, Herts. 409 


Wire wound trimmers 
The KDL-ADTO5 is a rugged sub- 
miniature potentiometer encased in a 


TO-5 can. The resistance range spans 
15Q to 15 kQ at a standard tolerance 
of +10%. Power rating is 0,5 W at 
40°C over a temperature range of 
—55 to +125°C. Tempco is <500 
ppm/°C between 15 and 47 ohms. 
Kenure Developments, Camberley, Sur- 
rey. 410 


Microtutor 

Based on the CDP1800 series of uP, 
with 256 bytes of ram, this tutor may be 
used as a basis for developing cosmac 
systems. The uP concepts are demon- 
strated by sample programmes which 
are loaded into the tutor via the eight 
manual i/p switches, with all system 
signals being registered on a two-digit 
hexadecimal display. Yes Electronics, 
Harlow, Essex. 411 


IC sockets 

A new, low profile, low cost ic socket, 
designated the ICL series, occupies 
the minimum of space on pcb’s. 
The device is specifically designed for 
use with automatic insertion machines 
and wave-soldering systems. Astra/ux 
Dynamics, Colchester, Essex. 412 


Frequency system 

The self contained model 640 system, 
forms a complete network analyser 
for magnitude measurement of trans- 
mission, (gain or Loss) and reflection, 
(return Loss) from one to 1500 MHz 
in one continuous sweep. Aveley 
Electric, Chessington, Surrey. 413 


Megohm resistors 

The Eltec range of very high megohm 
resistors have values from 10° to 
1012Q. The model 102 and 104 are 
small in size and have standard 
tolerances of +2 to +20% with 0,02 
pF shunt capacitance and 0,5 dB 
noise figure (1 V bias). Rofin, Egham, 
Surrey. 414 


Reed switches 

These two sub-miniature reed switches 
are designated types MRC3 and 4. 
They find particular use in keyboards, 
dil reed relays, scanners, etc. Features 
include operation to 1 kHz, a constant 
ampere turn operating value, low 
bounce and zero chatter on release. 
Maximum contact rating is 10 VA 
with a maximum current carrying 
capability of 1,5 A. Tranchant Elec- 
tronics, Hampton, Middx. 415 


Enquiry Service 
For rapid access to further 
information, use the reply 
paid card at the end of 
the commercial section. 

Our R.E.S. department 
provides same day _ turn- 
round on all enquiries. 
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lF YOU CAN READ 
AN IC DATA SHEET YOU CAN USE THE 
NEW TERADYNE J401 


Until now, the complexities 
of test programming have kept all 
ut a few specialists from using 
Ctest systems. Everyone else 
qad to queue up at the program- 
ner’s desk or do without the kind 
of information that was really 
reeded. 

Now there’s aJ401. A fully 
srogrammable test system for T2L 
Cs with up to 24 pins, complete 
with built-in CRT, printer, and 
nag tape unit, that any engineer 
can learn to use in minutes. 

For IC producers this means 
mmediate access to vital process 
control information. For IC users 
t means the data necessary to 
*hoose components and vendors 
ntelligently. And the ability to 
»xtract from field returns the 
nformation needed to improve 
yroduct quality and yield. 


[he performance and flexi- 
dility of a large, computer- 
yperated test system. 

The J401 delivers the flexi- 
nility ordinarily associated only 
with larger, more expensive sys- 
ems. It can datalog any forced or 
neasured function and it can 
yenerate an x-y plot of any two 
yarameters. The system also 
yperates as a high throughput 
x0/no-go tester for the production 
ine or incoming inspection. 
Product data fast. 

Higher product yield. 


For the semiconductor manu- 


facturer, the easy-to-use J401 
allows errors to be spotted before 
they can begin to multiply. QC 
engineers can use it to evaluate 
devices, determine test margins, 
and check device lots. 

The electronic equipment 
manufacturer will find the J401 
useful in monitoring vendor-to- 
vendor and lot-to-lot variations. 


It enables him to spot device 
characteristics that could be con- 
tributing to problems. And QC 
personnel can use the system 

to analyze failures and reduce 
service costs. 


A system for meeting the 
real objectives of incoming 
inspection. 

The J401 gives you fast 
go/no-go testing with an impor- 
tant difference. It gives control 
over the way devices are tested. 
By pushing a few keys you can 
change test conditions, bin out 
top-quality ICs, or have data- 
logging to support returns. All 
in seconds. This is incoming 
inspection as it should be. 


It’s a Teradyne. 

Each J401 is built for hard 
use on the factory floor. Each is 
supported by Teradyne’s ten- 
year circuit module warranty, a 
telephone trouble-shooting service, 
and a world- wide field service 
backed up by local parts stocking 
centers. 


For complete information on 
the J401, write: 
Teradyne Ltd.,Clive House, 
Queens Road, Weybridge, Surrey. 
Telephone: Weybridge 51431 
Telex: 929809 


85 on enquiry card 


WE SELL PRODUCTIVITY. 


BE ERADYNE: 


LTT 


NEW DATA 


The book, Principles of digital data 
transmission by Dr A P Clark, £7,50 is 
written for engineers involved with the 
design and development of data trans- 
mission systems. Pentech Press Ltd, 
Plymouth. 251 


Recently published by Oxford Instru- 
ments is a new six page brochure 
describing the Newport series of 
electromagnets. Oxford /nstruments, 
Oxford. 252 


An_ introduction to predetermined 
motion time systems has been pre- 
pared by the CBI, TUC and DoE on 
systems of measuring work. HMSO, 
London. 253 


Two guides on the selecting of proms 
and microprocessors prepared by the 
Pro-log Corporation is available from 
Technitron, Camberley, Surrey. 254 


The book, Electronic Alarm projects 
for the home constructor, £2,95 could 
help you to protect-your home against 
burglary. Newnes Butterworth, Seven- 
oaks, Kent. 255 


Filtering in the time and frequency 
domains, £18,95 by Blinchikoff and 
Zverev provides a comprehensive 
reference on filtering techniques for 
electronic engineers. John Wiley and 
Sons, Chichester, Sussex. 256 


Leaflets are available on the model 4500 
and 4050 video display terminals 
available from Delta Data Systems for 
programme development work. Delta 
Data Systems, Welwyn Garden City, 
Herts. 257 


Included in two shortform catalogues 
are details of a range of boot mount- 
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ings for no hole fixing of whip aerials 
on vehicles and a illustrated listing of 
a range of helical aerials for portables. 
Panorama Radio Company, London. 258 


Information is available on the Hall 
Thermotank range of refrigeration 
products. Ha// Thermotank, Dartford, 
Kent. 259 


A wallchart is available from Fother- 
gill and Harvey on the insulation proper- 
ties of the company’s tygadure range 
of wire and cable. Fothergil/ and Harvey, 
Littleborough, Lancs. 260 


A four page data sheet from Gould 
Advance describes the SG2000 rf sig- 
nal generator which is a low cost 
general purpose instrument with a 
frequency range of 160 kHz to 230 
MHz. Gould, Hainault, Essex. 261 


A full colour broadsheet details a range 
of safety and hygiene products 
specially developed by Russell Kirby 
for use in the factory environment. 
Russell Kirby Ltd, Liverpool. 262 


Motorola has published a 566 page 
cmos data book as an addition to the 
semiconductor data library. Motorola, 
Wembley, Middx. 263 


A publication from Bell and Howell 
concerns the unigraph which is a 
custom built recording system from 
a variety of applications including 
medical research. Be// and Howell, 
Basingstoke, Hants. 264 


A new catalogue form Schaevitz gives 
details of ranges and performance 
characteristics of the D series of Ivdt 
displacement transducers. Schaevitz, 
Slough, Berks. 265 


The 1976 Synerjy directory contains 
information concerning articles, books 
and government reports published in 
England. Synerjy, New York, U.S.A. 266 


A catalogue is available from Vero on its 
ranges of packages and enclosures, 
Vero, Eastleigh, Hants. 267 


The Westinghouse industrial and 
government tube divisions’ complete 
line of display devices for a variety of 
applications is covered in a 22 page 
catalogue. Westinghouse Electric, Wind- 
sor, Berks. 268 


Brochures are available on the range of 
maxon dc motors marketed by /rident 
Engineering, Wokingham, Berks. 269 


Dow Corning produce a Product news 
publication which describes the appli- 
cations of the company’s glass products. 
Dow Corning, Brussels, Belgium. 270 


The designs department of the BBC has 
produced a booklet which describes the 
equipment available to British indus- 
try for commercial exploitation under a 
manufacturing licence agreement. BBC, 
London. 271 


A 429 page data book on high reliability 
integrated circuits and discrete power 
devices is available from RCA, Sunbury- 
on-Thames, Middx. 272 


The Sel 32 software is described in a 
brochure from Systems Ltd along with 
the minicomputer, the Sel 32/35. Sys- 
tems, Croydon. 273 


An_ illustrated digest catalogue is 
available from Beckmann which con- 
tains information on a selection of 
analytical instruments including 


Impossible? 


eS 


Beckmann-RlIC, 
274 


spectrophotometers. 
Glenrothes, Scotland. 


Soldering is the subject of a set of 
leaflets by Greenwood which contains 
details of the range of soldering equip- 
ment the company markets. Greenwood, 
Reading, Berks. 275 


Aviquipo has produced a_ brochure 
which explains the services the com- 
pany has available in the British market- 
place. Aviquipo, Maidenhead. 276 


An application note that describes the 
use of the HP1620A pattern analyser 
in oscilloscope based trouble shooting 
of digital instruments is now available 
from Hewlett-Packard, Wokingham, 
Berks. 277 


Portescap has published a comprehen- 
sive 24 page technical brochure on its 
families of socrem single phase stepping 
micromotors. /Portescap, Reading, 
Berks. 278 


Intel has information on a software 
system for the 8080A microcomputer 
that allows programmes written in PL/M 
to be compiled on the 8080A itself. 
Intel, Cowley, Oxford. 279 


An update on a products and services 
booklet has been undertaken by BXL to 
give a comprehensive listing of the 
current range of plastics materials, 
semi-finished and finished products. 
BXL, London. 280 


An introduction to microcomputers, 
£4,50, gives the basics of microcom- 
puters and an evaluation of the best 
known micros. Pelco, Hove, Sussex. 281 


Technical information is available on a 
non-capacitive solid state switch which 


SRE 


Obtainable by three controlled frequency changes within a single magnetron pulse. 
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has been developed by LDF Semicon- 
ductors, California, U.S.A. 282 


A brochure is available from Euro Instru- 
ments on the services and instruments 
the company is able to provide. Euro, 
Co Meath, Eire. 283 


Technical information which describes 
the DSG1 synthesized generator 
can be obtained from Farnell, Wether- 
by, West Yorkshire. 284 


A booklet from Lambda covers its 103 
range of voltage regulators for dc 
power circuits from 150 MA to 30A. 
Lambda, High Wycombe, Bucks. 285 


A four page illustrated brochure from 
Licon gives information on the com- 
pany’s large range of switches from 
microswitches sealed switches through 
to illuminated push buttons. Licon, 
Portsmouth, Hants. 286 


A four page leaflet entitled ‘Micromesh 
and sieves’ is available from EMI which 
describes the division’s standard range 
of precision micromesh. EM/ Electron 
Tube Division, Hayes, Middx. 287 


Information is available on the activities 
of Trio Labs and the range of power 
supplies the company manufactures. 
Trio Laboratories, Hindhead, Surrey. 
288 


A line of modular single phase rectifier 
assemblies, rated from 2 to 25A is 
described in a technical data sheet 
available from Westinghouse, Windsor, 
Berks. 289 


A leaflet is available detailing the 
range of temperature sensors pro- 
duced by Bush Beach Engineering, 
Cheadle Hulme, Cheshire. 290 


The 1976/77 catalogue from Hollings- 
worth features a range of terminals, 
splices and connectors as well as 
crimping tools. Hollingsworth, Ches- 
sington, Surrey. 291 


A 288 engineering product handbook 
from Datel contains information on 
converters, sample and hold circuits, 
op amps, power supplies etc. It can be 
obtained free from Date/, Basingstoke, 
Hants. 292 


A data sheet from Solid State Controls 
describes the company’s pc mini range 
of temperature controllers. Solid 
State Controls, London. 293 


A leaflet from Clarke Olsen provides full 
technical specification and indicates 
more than 600 different ratios which are 
available using the company’s gears 
and pinions, Clarke Olsen, Birmingham. 

294 


Memory Devices has announced the 
availability of an eight page leaflet 
for the advanced bipolar 57110/67110 
microprogram control unit. Memory 
Devices, East Molesey, Surrey. 295 


Another leaflet from Bush Beach deals 
with sampling nozzles and probes for 
sampling steam .from high pressure 
boilers. Bush Beach Engineering, 
Cheadle Hulme, Cheshire. 296 


The ERA hybrid microelectronics survey 
provides a concise description of thick 
film hybrid technology indicating its 
advantages and disadvantages com- 
pared with other forms of construction. 
ERA, Leatherhead, Surrey. 297 


The magnavox MX 1102 satellite navi- 
gator is described in brochure available 
from S G Brown, Watford, Herts. 298 


A four page product leaflet is available 
from LC Automation giving details of 
the company’s range of projectors 
and receivers, photo-electric controls, 
timers and electronic counters. LC 
Automation, Preston, Lancs. 299 


A 76 page brochure has been produced 
by UK Solenoid describing the range of 
contactors, relays, direct on line 
starters rotary switches and general 
purpose switches the company makes. 
UK Solenoid, Newbury, Berks. 300 


A shortform catalogue has been pub- 
lished by Rosemount which gives in- 
formation on its equipment for aero- 
space applications. Rosemount, Bog- 
nor Regis, Sussex. 301 


A booklet entitled ‘’The protection of 
invention—a pclicy on patents", £2,80 
explains patent. practice and can be 
obtained from Patinel, Newcastle-on- 
Tyne. 302 


The electronic components division of 
Ferranti now has available its brochure 
on vacuum thick ceramic to metal 
seals. Ferranti, Oldham, Lancs. 303 


A 12 page brochure on the smaller size 
channel trans/ation equipment of- 
fered by STC car be obtained from STC, 
Newport, Gwent. 304 


Computer Automation has issued a free 
minicomputer wall chart that it claims 
to be the most up to date independent 
guide to US mini manufacturers. Com- 


puter Automation, Rickmansworth, 
Herts. 305 
A booklet is available from Wallac 


Controls giving details of the nuclear 
safety instrumentation manufactured 


This is ho 


and marketed by the company. Wallac 
Controls, Newbury, Berks. 306 


A brochure has been prepared by Penny 
and Giles describing its range of linear 
transducers covering stroke lengths 
of from 0,05 in to 100 ins. Penny and 
Giles, Christchurch, Dorset. 307 


The seventh edition of the U.K. guide 
to the electronic components business 
has been published by Eurolec. The 508 
page book provides information on 
nearly 100 companies. Eurolec, Chelms- 
ford. 308 


A monthly list of semiconductors held 
in stock is now being produced by 
Distronic which includes diode, recti- 
fiers, triacs and transistors. Distronic, 
Harlow, Essex. 309 


The 38th diode data book has been 
expanded for the Autumn edition and 
contains information on over 3000 
devices. £45,15 annual subscription. 
London Information, Ascot, Berks. 310 


A ten page catalogue covering the BS 88 
range of Brush industrial type fuselinks 
is now available from the Compton 
Parkinson, Northampton. 311 


Enquiry Service 
For rapid access to further 
information, use the reply 
paid card at the end of 
the commercial section. 

Our R.E.S. department 
provides same day turn- 
round on all enquiries. 
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With EEVs new MIM- 
the worlds first electronically tuned magnetron. 


rewd 


The MTM therefore solves the problems which are 
intrinsic in existing mechanical tuning systems. It offers 
frequency agility—a wide tuning range, and a tuning rate so fast 
that the frequency can be changed many times within a single 
pulse. Because it has no mechanism to wear out, it is dependable, 
durable and rugged in any environment. It is simple,and consider- 
ably less expensive than other tuning techniques. 

Multipactor tuning can be applied to most magnetrons in 
the EEV range, offering random pulse to pulse frequency agility, 
pulse shaping, clutter decorrelation... the possibilities are 
enormous. 

Think about it. Talk about it. Read about it.Contact our 
magnetron engineers at Chelmsford. Today. 


EEVand M-OV know how 


Members of GEC- turnover £1902 million 


EEV is proud to announce the Multipactor Tuned 
Magnetron. 

For the first time,an effective method of electronic tuning 
‘or magnetrons is available. 

EEV engineers have turned the multipactor phenomenon— 
intil now a parasitic problem—to the advantage of magnetron users. 

EEV’s new patented MTM is basically an auxiliary resonant 
avity which is coupled to the main magnetron anode. Several of 
‘hese auxiliary cavities can be fitted to the same anode to increase 
‘he total frequency shift or to give a selection of frequencies. 

The MTM has no moving parts, does not interfere with 
normal magnetron characteristics and adds very little to overall 
size and weight. 


LISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 2QU. Tel: 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford. FEC fe 
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From the makers of Araldite, 
an idea so simple that 
even your Managing Director 


could handle it. 


Araldite 
formulated pre- 
y packaged products. 
A complicated name for 
avery simple idea. 

What it means is that we can 
now offer you Araldite epoxy casting 
resins and adhesives pre-packaged with 
precisely the right amount of hardener, ready 
to use. 

Mixing Araldite products is now as simple Ha = 
as tipping the contents of one tub into another and stir ring Or pulling 
the snap clip off a plastic pack and squeezing the separated ingredients 
together. So simple, so clean that your Managing. Director could handle 
the job wearing his best suit. ee een’ And that’s not 
the only benefit. 

Because we offer 
a range of formulated see 
packs all the way from 25 grammes 
to 12 kilos, you can order the right 
size pack for each individual job. 

No utensils to clean, no guess- 
“ work, no waste. 

So the likelihood is that you would save time and money too. 
Isn’t that an idea worth passing on to the MD? 


ARALDITE 


CIBA—GEIGY 
Plastics Division, Ciba-Geigy Plastics and Additives Company, 
Duxford, Cambridge CB2 4QA. Telephone: Cambridge (()223) 832121 
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A technical booklet is available from 
Merlin Gerlin on the company’s range of 
programmable controllers. Merlin Ger- 
lin, Telford, Salop. 312 


Reliability has a catalogue available on 
its criteria chamber systems for 
electronic test systems. Reliability, 
Ireland. 313 


A four page illustrated leaflet is now 
available from Platt Power Transmission 
of Oldham, Lancs. 314 


Available from Technical Indexes is the 
new edition of Electronic Engineering 
Index—the information system covering 
electronics industry suppliers. Technical 
Indexes, Bracknell, Berks. 315 


Technical information has been pro- 
duced by Fluke on the 8500A digital 
voltmeter which has an accuracy of 
0,001 per cent. Fluke, Watford, Herts. 
316 


The book, Computer aided design of 
surface acoustic waves, $42,50 gives 
mathematical representation of surface 
acoustic waves. E/sevier Scientific Pub- 
lishing company, The Netherlands. 317 


Endress and Hauser has issued an 
explanatory brochure in level measure- 
ment using the non contact gamma 
technique. Endress and Hauser, Man- 
chester. 318 


The book Noise in measurements, 
£10,50 brings together a vast amount 
of information concerning the effects 
of noise on the accuracy of measure- 
ments, the publishers claim. John Wiley 
and Sons, Chichester, Sussex. 319 


A 52 page booklet ‘Design engineer's 
guide to dc stepping and ac synchronous 
motors” is available from Djstronic, 
Harlow, Essex. 320 


Geometrical theory of diffraction for 
electromagnetic waves by Graeme L 
James £13,50 gives an exposition of 
the formulation for vector fields. Peter 
Peregrinus, Stevenage, Herts. 321 


Time Electronics has made additions 
and specification improvements to 
their range of dc voltage and current 
standards. Data sheets are available 
from Time Electronics, Tonbridge, Kent. 

322 


Sound Recording by J Eargle, £12,50 
is broadly divided into two sections 
covering the fundamentals of sound 
recording and the devices and tech- 
niques used. Van Nostrand Reinhold, 
Co, New York, U.S.A. 323 


Simple circuit building and Project 
planning and building are two more 
titles in the constructors guides from 
Newnes Butterworth, Sevenoaks, Kent. 

324 


Optical fibre technology, £13,50, 
considers the prospects of optical 


fibres in the communications field. 
John Wiley and Sons, Chichester, 
Sussex. 325 


Details of the current specifications for 
thermal shock testing and equipment 
to meet these standards is described in 
an eight page brochure from Euro /nstru- 
ments, London. 326 


The IBA technical reviews eight and 
nine concern digital video processing 
dice and digital television devalopments 
copies can be obtained from Engineering 
Information Service, IBA, Winchester, 
Hants. 327 


Another London Information book 
called the semiconductor application 
notes data book is separated into 
analogue circuits, digital circuits, 
general discrete device notes, general 
ic and microprocessor notes. £25,95 
for a year’s subscription. London /n- 
formation, Ascot, Berks. 328 


Number 20 of the technical scientific 
journal Disa information contains 
number of papers on flow measuring 
problems. Disa Electronik A/S, Copen- 
hagen, Denmark. 329 


o 


Details of the range of engineering 
plastics available from Ciba Geigy is 
described in a brochure available from 
the company, Ciba Geigy, Cambridge. 
330 


Some of the many applications possible 
with Marconi Instruments TF2008 am/ 
fm signal generator are described in a 
booklet produced by Marconi /nstru- 
ments, Chelmsford, Essex. 331 


An application note is available on the 
use of Measurement Technology's 
safety barrier for use in hazardous 
areas. Measurement Technology, Luton, 
Beds. 332 


Another IBA review No 8 deals with 
service planning and_ propagation. 
Engineering Information Service, IBA, 
Winchester, Hants. 333 


Reprints of an article “New digital 
techniques applied to rate measure- 
ment” describing recipromatic compu- 
tation principle and basic operation of 
time interval conversion counters 
and their application are available from 
Orbit Controls, Cheltenham, Glos. 334 


Frequency Synthesizers: theory and 
design is the title of a523 page hardback 
by Vadim Manassewitsch, engineering 
consultant, General Instrument Corp. 
According to the preface, the objective 
of this book is to provide training and 
reference material for engineers working 
in comms, radar and other areas where 
frequency synthesizers are used. £19,50; 
John Wiley and Sons, Chichester, 
Sussex. 335 


Krohn-Hite filters, oscillators, phase- 
meters, power amplifiers, function 
generators and ancillary equipment is 
included in a_ shortform catalogue 
available from Ke/thley /nstruments, 
Reading, Berks. 336 


Magnetic tape recording equipment 
is described in a 24 page brochure 
available from SE Labs (EMI) Ltd, 
Feltham, Middx. 337 


A 4 page guide explaining the Escap 
miniature permanent-magnet dc tacho- 
generators is available from Portescap 
(UK), Reading. 338 


A leaflet on DataLook which monitors 
up to eight lines of logic information and 
stores the last 256 bytes clocked into the 
system is available from Brensa/ Elec- 
tronics, Bristol. 339 


Enquiry Service 
For rapid access to further 
information, use the reply 
paid card at the end of 
the commercial section. 
Our R.E.S. department 
provides same day turn- 
round on all enquiries. 
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VERO RACKS, 
COBINETS & FANS. 
IMULTIPURPOSE 
FABRICATIONS 


w Vero CSM Series Rack available ex-stock 
in two styles as a standard rack or 
cabinet. 

The cabinet version supplied complete 
with lockable front door. 

Supplied in kit form, packed flat for 
ease of storage and transportation. 

a Front side and rear doors are all of the 
same construction, flush fitting on lift- 
off hinges, with flush locks. 

a Mushroom top can be fitted where 
forced ventilation is required. 

wCastor plinth, vertical mounting rails, 
chassis guides available as optional 
extras. 

a Fan units offering compatible styling to 
Vero Card Frame Systems. Two types 
available off the shelf. 


oJ Q-B 


gw Axial fan unit designed for applications 
where high reliability is of the utmost 
importance with low noise level there- 
fore suitable for use in quiet environ- 
ments. Available in 230V and 115V 
models. 

a Centrifugal fan unit of the same size 
and frontal appearance as the axial unit 
but with approximately double the 
volume of air delivery. Dual voltage 
230V/115V. 


Available world wide through 3 subsidiary 
companies and 25 agents. 


Vero Electronics Ltd. 

Industrial Estate, Chandler's Ford, 
Eastleigh, Hampshire SO5 3ZR. 
Telephone: Chandler's Ford 2956 
Telex: 47551 


in our 1976 catalogue 


WORLD LEADERS IN PACKAGING TECHNOLOGY 
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LEVELL 


PORTABLE INSTRUMENTS 


LOW COST 
HIGH PERFORMANCE 
OSCILLATORS 


Bulgin vi 


with Vitality , 


3Hz to 300kHz 
2:5V rms. Sine & Sq 


TG152DM £69+VAT 


Signal 
Lamps 
& Bulbs 


We can supply a versatile 
range of lamps and fittings 
for all your signalling 
requirements. Contact us 
for full details. 


A. F. BULGIN AND COMPANY LIMITED 


BYPASS ROAD, BARKING, ESSEX, IG11 0AZ, ENGLAND 
TELEPHONE (01) 594 5588 TELEX: 897255 


1Hz to 1MHz 


7V rms. Sine & Sq 


TG200DM £88+VAT 


Send for data covering our full range. 


LEVELL ELECTRONICS LTD. 
Moxon St., Barnet, Herts. Tel: 01-449 5028/440 8686. 
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’Manufacturers of stock & special 
glass components for scientific 
instruments and laboratories. 


Our specialised service offers manufacturing capabilities 
for standard and non-standard components in glass. 

H \We undertake special construction to your individual 
requirements. Contact us now ! 


F 
F LIMITED 


Station Works e Earls Colne e Colchester e Essex 
Telephone: Earls Colne (07875) 2725 Telex: 987390 see PS EES 


‘all-purpose’ plastic boxes wes 


104 Electronic Engineering November 1976 


SE 6150 — not just 


93 on enquiry card 


an oscillograph—an innovation 


Ournew SE6150 12-channel UV Oscillograph is 
unique —its low price is unique, its built-in signal 
conditioning is unique. 


For the first time, the researcher can move from one 
experiment to another without changing or adjusting 
galvanometers. Fit one standard set of galvos and six 
channels are conditioned to record up to 2 kHz fsd 
from high impedance voltage sources between 500 mV 
and 500 V at the turn of one control. And a further six 
unconditioned channels are available for less 
demanding parameters. 


In addition, SE 6150 combines portability with an 
accurate, easy-to-read display, reliability and simple 
operation — qualities which combine to make it 
the most cost-effective oscillograph of its kind. 

If built-in conditioning is not required, the SE 6150 can 


be supplied without it — at a price significantly lower 
than its nearest competitor. 

Backing up SE 6150 is the SE family of 
oscillographs offering a cost effective instrument to 
meet every requirement. The range includes six light- 
beam recorders, from a 6-channel battery portable to the 
SE 6012 with 12” chart width and up to 50 channels, as 
well as compatible signal conditioning equipment and 
transducers. 

SE has a wealth of applications know-how at your 
disposal — expertise difficult to find elsewhere — and 
because of this, we are able to provide a higher level of 
back-up service with fast response whenever you need 
it, world-wide. 

When you're in the market for oscillographs, SE 
will provide the answers — from experience. 

Talk to us now. 


[7] seLabs 


SE LABS (EMI) LIMITED, 
Spur Road, Feltham, Middlesex TW14 OTD, England. 
Telephone: 01-890 1477. Telex: 23995. 


A member of the EMI Group of companies. International leaders in music, electronics and leisure. 
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Thinking Economic 


Tape Readers? Think 
Data Precision FER 201 


Although priced at only £185.00 with generous quantity 
discounts, the Data Precision FER201 operates up to 250 
characters/second and is bi-directional. 


Total control and interface logic is mounted on a single 
card while a stepping motor, mounted directly onto the 
back of the read head helps to keep the design simple and 
the device exceptionally silent in operation. 

No preventive maintenance is necessary. 


All 5 and 8 track tapes to ECMA and DIN standards etc. 
and a transparency up to 70% for infra-red are accept- 
able. 


The reader can be supplied as a complete unit for customer 
mounting into their own panels or with 19” rack, tape 
spooling or fanfold cassette. 


Data Precision 


Data Precision (Equipment) Ltd 

81 Goldsworth Road, Woking, Surrey GU21 1LJ 

Telephone: Woking (04862) 67420 & 64444 
NORTHERN SALES OFFICE 

98 Kenworthy Lane, Manchester M22 4BE 

Telephone: Wythenshawe (061-998) 2612 
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Burr-Brown’s New SDM 853. 
lOmV to I0V Full Scale 
Now That's a 
Data Acquisition System! 


The SDM 853 sets new standards in performance 
for off-the-shelf systems. It comes in a small 
package too, at a lower price than you'd expect. 

Connect analog multiplexer inputs in 16-chan- 
nel single-ended or 8-channel differential modes. 
A programmable unity-to-1000-gain instrumenta- 
tion amplifier gives you new low-level signal 
handling capability —down to 10mV full scale. Ac- 
curacy IS 0.025% F.S. 

Multiplexer, amplifier, sample/hold, and 12-bit 
A/D converter are separately accessible for ex- 
treme flexibility. And input channel expansion Is 
unlimited. System throughput rate of 30kHz for 
12 bits can be increased to 45kHz for 8-bit 
resolution. 

For more details, contact Burr-Brown Interna- 
tional, Ltd., Permanent House, 17 Exchange Road, 
Watford WD77 EB, 

Telephone (0923) 


BURR-BROWN 


Specialists in Data Acquisition 
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This laser diode 
Nas infinite 
application 


possipiliiies.... 


the fields of communications, high-speed infra- 
red photography and film marking. Security. 
Distance measurement. Industrial processing. 
Defence functions. And, of course, research in the 
very widest sense. 

ITT laser diodes are now being manufactured 
in Paignton — Europe's foremost production 
centre for laser diodes — after years of research 
and development by a team of more than twenty 


u a scientists and engineers. 
which IS why ITT They are available in two forms: Single 
Heterostructure for short pulses of high peak 
- - power (about 10 watts), and Double 
ave in ro uce ! g Heterostructure for comparable mean power but 
h 


igh duty factor. 

In so many areas of application, you name it, 
these laser diodes can do it. 

Up to now, the sheer capability of lasers has 
often been outweighted by the practical 
disadvantages of operating them. Now these 
gallium arsenide laser diodes by ITT effectively | 
overcome all the disadvantages: 

They‘re small and light, can be operated ona | 
transistor power pack, operate at normal ambient 
temperature, tolerate extremes of humidity and | 
temperature. They are portable, and are ruggedly 
constructed giving a consistently reliable | 


If you would like to know a lot more about these 
little lasers, write to: Marketing Department, 
ITT Components Group, Electron Device Division, 
FREEPOST, Brixham Road, Paignton, 
Devon, TO3 1XJ. 


Name 


Address 


performance under really adverse conditions. 
Their uses are as varied as you can imagine, 
plan or cater for. There are obvious applications in 


EE11/76 


Components 
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The most 


FORGETTABLE 
panel-mount switch 
you can buy... 


is also the 
fastest to install... 


SNAP! 


Snap-action switches you snap-in your panel... and forget. 
Switches that keep switching practically forever . . . because of 
Cherry’s exclusive long-life, long-overtravel coil spring mechanism. 
Switches that stay put practically forever, too . . . because the 
sonic-sealed nylon cases have molded-in serrated spring lock clips. 
These ‘‘forgettable” single pole (SPDT) switches are rated 

10 amps, 125 VAC/250 VAC. Also available in double pole 
(DPDT) circuitry ... and in Gold ‘’Crosspoint’’ contacts for 
positive switching of low energy circuits. 


SNAP UP A FREE SAMPLE FOR YOUR PANEL 


Just TELEX 28894... or PHONE ST. ALBANS (0727) 63231 
and ask us to give you facts on panel-mount switches . . . or circle 
appropriate reader service number. 


i —a oe iB = 
E69-00A Momentary E69-20A Push-Pull (Reset) E69-30A Momentary & E69-60A Alternate Action E69-40A Momentary 
Action Pull-to- Override Interlock Action/Short Button 


GCHERRBRY 


CHERRY ELECTRICAL PRODUCTS (U.K.) LTD. 
Lattimore Road, St. Albans, Herts, England 


Makers of patented Leverwheel/Thumbwheel Switches, Matrix Selector Switches, Snap-Action Switches and Keyboards. 
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We measure 
up to your standards 


| 5 Whether you check components 

B900 ee : : at eu ee ee, pee 
Automatic Digital Bridge 1kHz 0.1% Badge oe oo nee ee ios 
measurements of resistance, 
capacitance and inductance, or for 
continuous monitoring of changing 
values, you can select the ideal 
instrument from our comprehensive 
range. . 

All models—AF RF and VHF— 
have a wide measurement range and 
are easy to use. Many have automatic 
readout and automatic lead 
compensation; most will measure 
components /n situ. 

Only part of our range is 
illustrated. Send in the coupon for 
further information. 


B224 
Wide-range Audio Bridge 1592Hz 
(20O0Hz—20kHz external) 


“5 Wilmot Breeden Electronics 


Ferrograph Rendar Wayne Kerr 


Wilmot Breeden Electronics Limited, 
Durban Road, South Bersted, Bognor 
Regis, West Sussex, England. 
Telephone: Bognor Regis 25811 

(STD code 02433) 


B331 
Self-balancing 0.01% Precision Bridge 


B642 
Autobalance Universal Bridge 0.1% 


SESE BEE 
Please send me the Wayne Kerr short form 
catalogue. 
Name 


Position 
Company. 


WAYME KERR 


Deere 
een 


Address 


Wilmot Breeden 
Electronics Limited, 
Durban Road, 
South Bersted, 
Bognor Regis, West 
Sussex, England. 
Telephone: Bognor 
Regis 25811 

(STD code 02433) 


B421 
Direct-reading Component Meter 0.25% 


Telephone EE11/76 | 
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RO¥ BURGH 


RESISTANCE BULB CONDITIONERS 


+ LINEAR OUTPUT conditioned to 10mV/°C We’ re Brighter 


yx ACCURACY = 0:1°C 


With the latest additions to our range of LED lamps, we can 
confidently claim to offer the widest selection available. 
* rtd BRIDGE INCORPORATED And, power for power, they’re also the brightest the industry 
has to offer. In red, orange, yellow, green, white and clear lens. 
To meet the rest of your requirements, they’re available in the 
six industry standard package styles. And we've panel mounting 
clips for good measure. 
To say nothing of our brilliant red, green and yellow 0.3in. 


TEMPERATURE ME SUREMENT ENGINEERING and 0.6in. numeric LED displays. 


Do ask for our data book. You'll find it most illuminating. 
rela lee) DEVONSHIRE STREET 
CHELTENHAM ENGLAND 


TELEPHONE 0242 53861/24600 


Roxburgh Electronics Ltd., 
22 Winchelsea Road, Rye, Sussex. 
Tel: Rye 3777, Telex:957066. 


RoKbliohl Way out front. 2525 
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wer supplies upto 30 
with overall 


ecialists 


We manufacture a-comprehensive range of precision HV supplies for use, : 
worldwide, in conjunction with scanning electron microscopes, X-Ray WALLI Ss 
machines, precision visual displays (CRTs including colour tubes), : 
photomultiplier tubes, insulation testing, research and industry. ala) UK 
Success in this field has led us to produce custom built power supplies for LEORe 
use in all sorts of applications. Reversible polarity, programming, high 
stability, short circuit} and flashover proof, slow rise times, fast HV ss (2 seater 
switching, safety features etc . . all are no problem with these lightweight Wallis Electronics Limited, 
all-solid-state units. | Bedford Row, Worthing, Sussex 

So...contact us if you have HV supply problems... we are sure we can help. (0903) 208201/2. Telex: 877112 
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9 = Introduced to meet the demand for a simple, high 

quality, FOR for those who do not require full recording 

oscilloscope capabilities; the FOR-7 has a rectangular 

CRT which provides strip chart, X-Y plot and single 
frame recording on low cost paper. 


WIDEBAND BRILLIANCE MODULATION 


: -for video imaging with good grey scale 
= HIGH FREQUENCY DEFLECTION AMPLIFIERS 
e -for trace recording with faithful transient response 


VARIABLE SENSITIVITY AND POLARITY REVERSAL 
-for easy interfacing with displays and systems 


BENCH, RACK OR BUILD-IN VERSIONS 
-for general purpose laboratory or OFM applications 


For further information or a demonstration of the FOR-7 
or any other Medelec unit please contact: 


MEDELEC LIMITED . Woking . Surrey GU22 9JU 
Tel: Woking (048 62) 70331 Telegrams: Medelec Woking 


From the Leaders in 
row Cotichecoding 


medelec Fs 


O72 


ae 


9-0 ®-6 @& ao 
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1-16 PEN LINEARCORDER 


with even faster response 


FOR PROFESSIONAL COMPONENTS, SAY ERIE 
Erie Technological Products Inc. with manufacturing 
locations at Erie, State College and Carlisle in 
Pennsylvania U.S.A., Trenton in Ontario Canada and 
Nogales in Mexico, offer an unequalled range of 
electronic components for the professional market. 
Product ranges manufactured include :— 

Monolithic Ceramic Capacitors (Monoblocs) Rectangular 
and Tubular moulded, and tubular glass sealed. 
Trimmer Capacitors (ceramic, air, plastic, glass and quartz). 
“Transcap’ Disc, feedthru, and tubular ceramic 
capacitors, button micas, plastic film capacitors. 

Low pass filters, custom design filter connectors and 
multi section filters. 

H.V. rectifiers, and multiplier assemblies. 

Quartz crystals and crystal oscillators. 

High voltage power supplies. 


DC-100Hz 


@ 8cm per channel DC-50Hz 
© 4cm per channel DC-90Hz 
@ Servo pen motor - non contact feedback 

@ Z fold or ROLL chart e Over-range limiter 
©12 switched chart speeds.up to 500mm/sec. 


ENVIRONMENTAL EQUIPMENTS LTD. 
Eastheath Avenue, Wokingham, 
Berks. RG11 2PP. Tel: Wokingham 784922, 


For further information contact :— 


ERIE ELECTRONICS LIMITED 


South Denes, Great Yarmouth, Norfolk. 


Tel: 0493 56122 Telex: 97421 
Components ITT 
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Penny & Giles 


Potentiometers Ltd 


thinking 


about pots? 


So are we — all the time 

We think about the problems and solve them. 
We've been doing it for years. The result is a 
catalogue range of rotary and rectilinear 
potentiometers which will satisfy most 
applications. If not, we'll build specials — fast - 
in one offs or thousands. 


Talk to our Sales Engineers — they think design 
and applications. They think for you. 

So don’t just think about 

potentiometers — do something — 

circle the reply card number 

and get full details of our 

range. (That'll give you 

plenty to think -, 

about.) 


Penny & Giles Potentiometers Limited — 
Groveley Road Chnstchurch 

Dorset BH23 3HA 

Telephone Highcliffe (04252) 71511 Telex 41266 


2) 


112 
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SHEET METAL 


PUNCHES 
FOR QUICK CLEAN HOLES 


<I 


@ Easiest and quickest way of punching 
holes in sheet metal (up to 1.625mm.) 


@ Simple operation @ 100% British 
@ Burr-free holes — no jagged edges 


@ 57 Metric and Linear sizes 
(Lists on application) 


Used all over the world by Government services — Atomic, Mili- 
tary, Naval, Air, G.P.O. and Ministry of Works; Radio, Motor and 
Industrial manufacturers, Plumbing and Sheet Metal Trades; 
Garages, etc. 

Obtainable from leading Tool Factors. 

Wholesale & Export enquiries to: 


"Q:-MAX”(ELECTRONICS)LTD 


44 PENTON STREET-LONDON N19QA Tel:01:278 2500 


Electronic Engineering November 1976 


107 on enquiry card 


‘How about giving us 
a good ficking off! 


SDS Components are the franchised distributors for the 
following Semi-conductor companies. All you have to do 
is tick the boxes for information and fill in your name and 
address below. We'll do the rest. 


Texas Instruments 

Signetics LJ 
Ferranti LJ 
Monsanto EA 
General Instruments a 
G.I. Microelectronics a 
Plessey L] 
International Rectifier © 
and also for 


Cooper Tools 
(Weller Soldering Equipment & X Cellite Tools) 


Spectrol Reliance Potentiometers — 
Electrosil Metal Oxide Resistors 
Augat (Dual in-line sockets & accessories) 


ITW Ceramic Capacitors (CK 05/06 etc.) 


Only the best from 


SDS COMPONENTS LIMITED conan 
Hilsea Industrial Estate, Portsmouth PO3 5JW 
Tel: 0705 65311 Telex: 86114 Address 


SCOTTISH OFFICE: 


Room 111, Alexander House, East Kilbride, 
Glasgow G74 1LX. 
Tel: East Kilbride (035 52) 48617 
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telephone: 


CLASSIFIED — o01-855.7777 


| APPOINTMENTS | 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF MEDICAL PHYSICS 


A Research Assistant (Physicist or Electrical Engineer) is 
required to work on the application of telemetering de- 
vices to artificial insemination. 

This work is to be pursued in collaboration with the 
Agricultural Department in this University and is financed 
by the Milk Marketing Boards. The appointment is for 2 
years in the first instance at a salary of £2,766-£2,970, 
with appropriate placing. 

Candidates should have an Honours degree, or equivalent 
qualification, in Physics or Electrical Engineering, prefer- 
ably with some relevant practical experience. 

Further particulars from The Secretary, The University, 
Aberdeen with whom applications (2 copies) should 
be lodged by 25 November 1976. 


Let <>] put it together! 


From straightforward electronic assembly to de- 
signing, manufacturing, installing and commis- 
sioning the most complex analogue or digital sys- 
tem, we have the expertise to help you. 


Our team of chartered engineers and high calibre 
technicians ensures that all projects receive the 
same professional treatment. 


So if your problem is design, production — or 
both 


Let <> put it together! 


Send for our descriptive brochure. 


ED! Electronic Engineering Ltd. 
116 Fore Hamlet, Ipswich IP3 8AF. 
Tel (0473) 211222. Telex: 987703. 


‘Spend 4 years as an 
___ Engineer Officer in the 
Royal Navy. You'll find the 
‘management as challenging 
as the engineering. 
} 


[eeN 


If you're an engineering graduate, and under 26, 
you are eligible to join the Royal Navy as an Engineer 
Officer. 

Either on a Full Career Commission. 

Or simply on a 4 year Short Service Commission. 

Whichever option you select, you can expecta 
full measure of man management as well as some very 

sophisticated engineenng. 
The 4 year Commission starts with a bref Officer 
training course, including some time at sea. This is 
followed by a concentrated course in naval engineer- 
ing systems. 

Then you'll move on to your first job. 

Atsea. 

In a frigate for instance, you'll be one of the two 
J Engineer Officers running a Department and its tech- 
nical staff, comprising up to 50 men. 

You'll be working across a wide variety of sophis- 
ticated engineering technology, mechanical or 
electrical, depending on your discipline. 

You might, for example, be responsible for the 
propulsion plant and its control system. 

Or for the advanced communications or weapons 
systems. 

When your 4 years are up, youre free to return to 
civilian life with some very valuable experience under 
your belt. 

Of course, if you decide that life as an Engineer 
Officer suits you, you can apply to extend your 
Commission by 6 or 12 years. 

Orevento convertit into a Full Career Commission. 

If you are accepted, from then on, every two or 
three years youll move on to anewjob. 

Each one different from the last. 

And each one demanding as much of your skills of 
management as of engineering. 

If this kind of career appeals to you, write, giving, 
details of your qualifications, age and experience, to: 

Commander J. C. Edwards, i 
BSc (Eng), CEng, RN, (782GM'), 
Old Admiralty Building, 


CAPACITY AVAILABLE 


SUB-CONTRACT CAPACITY 


Spring Gardens, London SW1A 2BE. : WIZZ 


ity.  ROYALNAVY 
poco Ces = OFFICER 


YOU CAN REACH OVER 100,000 
READERS WITH AN ADVERTISEMENT 


ON THESE PAGES 


114 


For electronic wiring, P.C.B. 
assembly, (Batch-work & Proto- 
type) Test and light engineering 
if required. 


SWIFT AND ACCURATE 
SERVICE, 
USING ONLY EXPERIENCED 
PERSONNEL, 


SUPERVISED BY SENIOR 
GRADE TECHNICIANS 


Contact:— 
Appleton Audio Services Ltd., 
Electronic Engineers, 

66 Silvester Road, 
London SE22, 

Tel: 01-693 5051. 


PIA SPSASSMUPUMWU"0' 


Our modern facilities are 
available under qualified en- 


gineering management for:— . §& 


— P.C.B Assembly 

— Electro-Mechanical 
Assembly 

— Cableforms 


——. Sheet metal and Press 
Work 
— Coil-Winding 
Production Engineering & 
Electricals (Southern) Ltd., 


Boden Street, Chard, 
Somerset TA20 2AH 
Tel: Chard (046-06) 
4211 
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CAPACITY (cont. ) 


Ce-Court Electronics are subcontractors to the 
Electronics Industry 

Established in 1973 we have achieveda high 
reputation for quality and reliability 

Facilities are available to undertake the following 


PCB ASSEMBLY 
CABLEFORMING 
WIRE WRAPPING 
CONSOLE & RACK WIRING 
SHEET METAL WORK 


Prototype production 


PRINTED CIRCUITS 
IN THE MIDLANDS 


We have capacity for the manu- 
facture of Printed Circuit 
Boards, single or double sided. 
Hard Gold Plate and machined 
to any shape required. We 
specialise in giving Good Fast 
Service for Short Runs. One 
off Prototype Service from 
yeceipt of 2X Artwork. Glass 
Fibre only. No through hole 
plating, please. 


DIKTRON DEVELOPMENTS LTD. 
5S Highgate Square, 
Birmingham B12 0DR 
Telephone: 021-440 1321-2 


Please'contact Mr S.FCaldecourt 
Ce-Court Electronics 
Cambridge Trading Estate 
Hanwell. London W7 3PA 
Telephone 01:567 9672.3 
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er = 
=» ARTWORK 
EE LAMPS 
ED s&s PCBs SWITCH, 
=D pa TELEPHONE, MICRO- 
LED from Specialist Manufacturer MIDGET, AND 
ED 1off or 10,000 Penn ie 
z= LORMAY1.iro0 SERVICES LTD., 
2] Wappenham Blakesley South St., Hertford, 
Towcester (032-732) Herts. 
Northants 20s _) : Hertford 57766 
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DESIGN & DEVELOPMENT 
Competent engineering effort 
available for all aspects and 
levels of electronic design. 
Single circuits or complete 
systems to produetion stage. 


INTEK ELECTRONICS LTD. 
4 Lowfield Lane, 
Hoddesdon, Herts. 

Tel. Hoddesdon 62053 


STRIPPER FOR HIRE ! 


Your free issue wire cut and 
stripped from 75p per 1,000 
leads, tinning facility also 
available. 


Printed circuits assembled. 
Cable looms and complete 
equipment manufactured to 
order. Wire supplied and cut, 
a quotation will cost you 
nothing from:— 


Hamer & Emmins'Ltd., 
Deseronto Wharf, St. Mary’s 
Road, Langley, Bucks. 

Tel: Slough 75-46760 or 
46769. 


ELECTROCIRCUITS (P.C.) LTD., 
DELAMARE ROAD, 

CHESHUNT, 

HERTS. EN8 9UB 


Manufacturers of P.C.B’s 
Thro’ hole plated 
Conventional, 
gold plating, 

All or part service 


Tel: Waltham Cross 38600 
or 20344, for leaflet or 
ask for quotation. 


WANTED 


ROTARY SCREENING 
MACHINE WANTED 
Second-hand rotary screening 
machine for CRT manufacture, 
preferred size 12 or 18 head 
but larger machine would be 
considered for modification. 
State price required together 
with condition and whether 
dismantled or stored. 

Box No. EE 1305 


ERKO 


limited 


SUBCONTRACTORS TO THE 
ELECTRONIC INDUSTRY 


Capacity available for com- 
prehensive production service 
under qualified engineering 
management. 


For enquiries relating to PCB 
assemblies; cable forms: panel 
and switch wiring; testing; 
sheet metal work, contact: 


ERKO LTD. 
Thameside Industrial Estate, 
_ Silvertown, London E16. 

Tel: 01-511 0877 or 
01-511 0725 


Electronic Engineering November 1976 


HIGH POWERED TRANSISTOR 
160 Volt. 30 Amp. 


2N 3773 £1.30 each in 100‘s 
£1.20 each in 1000's VAT 
extra. 

J. A. T. A. Electronics Ltd., 
9 Heaton Road, Bradford, 
West Yorkshire, R.D.9 5EU. 


Phone (0274) 45712 


ENAMELLED COPPER WIRE 


SAE brings Catalogue of copper & 
resistance wires in all coverings 
THE SCIENTIFIC WIRE COMPANY 
PO Box 30, London E4 9BW 6243 


RECORDED 
ANNOUNCEMENTS 


Advertiser wishes to contact 
firm interested in 
commercialisation of recorded 
announcements idea. 
Applications to process control, 
lifts, crowd control, security, 
etc. 


Box No. 1304. 


FOR SALE SERVICES 


PUBLICITY AND 
TECHNICAL PRINTING 


forthe ElectronicsIndustry 
Design, Single and 


Mutti-colour Printing 


Write or ‘phone: 
Stan Peddie, MD 
CREATIVE PRESS (Reading) 
LTD., 


42 Portman Road, 
Reading, Berks. 
Tel: 0734 55388 


Tel.: 01-743 1131/2 1313 


SERVICE TO TRADE 
AND INDUSTRY 


Nameplates, control panels, 
Labels, badges of all descrip- 
tions, in all materials. Cast in 
metal, injection moulded _ in 
polystyrene, silk screen printed 
on aluminium (and other 
materials), hot-blocking, —en- 
graving. 
Also industrial gift and trade 
Promotions. Gift items avail- 
able including decimalisation 
conversion tables. Literature on 
request. 


|. Markovits Ltd., 
1/2/3 Cobbold Mews, W.12. 


PLEASE RING 01-855 7777 EXT. 2016 
TO PLACE YOUR ADVERTISEMENTS 
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C FILTERS 


High quality range for all 
applications up to 200 MHz 


Good delivery, competitive prices 


Also: MONOLITHIC FILTERS 
BANDPASS/STOP FILTERS 
DISCRIMINATORS 
CRYSTAL UNITS AND OVENS 
OSCILLATORS & TCXO’s 


Contact Cathodeon today! 


Cathodeon Crystals Ltd. 
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INDEX TO ADVERTISERS 
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ENCAPSULATED POWER SUPPLY 


Mains input, pcb mounting. 
Size 34 x 23 x1 § inches. 
Short circuit prion limiting. 
Line and Load Regulation 
0-02%. 

D15-200; 15-0-15v at 200mA 
D12-250; 12-0-12V at 250mA 


£23.60 for 1 off Te 


Liifipalm 


FOR POWER 


|: (0582) 415832 Luton 


Printed heatset web-offset, in Great Britain by Eden Fisher (Southend) Ltd., Sutton Rd., Southend-on-Sea, Essex, for the proprietors Morgan-Grampian 
Ltd., Morgan-Grampian House, Calderwood Street, London SE18 6QH 


The 0S$4000. 


For permanent waves. 


When you couple an OS4000 
digital storage scope—complete 
with the 4001 output option—to 
-any X-Y or T-Y recorder, it’s an 
eye-opener. 

As you see from the three charts 
below, we do mean any; to give 
you a permanent record of the 
stored trace at the press of a 
button. 

And that’s just the beginning. 

Because, with its solid state 
memory, the scope itself gives 
you store, refresh or roll modes, 
storage and real-time comparison, 
pre-trigger viewing— plus whole 
lots more. 

Add it all together and you get 
a State of the art instrument—at 
state of the mart prices. 

That said, all you need is our 
8- page data sheet. 

(We know you'll enjoy 

combing through it... ) 


1773 
Gould Advance Limited 


Roebuck Road, Hainault, Essex 1G6 3UE, England. ma G O U LD ADVANGE 
Telephone: 01-500 1000. Telex: 263785 3 on enquiry card 


i 


4 on enauiry card 


Threaded 
Fasteners For 
Plastics 


“ BANC-LOK SELF-LOCKING INSERTS 


SPIRO INSERTS AND STUDS. e 
SONIC-LOK INSERTS AND STUDS m4 


PRECISION HARDENED INSERTS AND STUDS : 


THE PRECISION SCREW & MFG COMPANY UMITED © 
Cerascres. Wile? VIS 245, Sutts. England ; 


Tesephone: Wikienhal 880 


Putting it all together 


Captive threaded Nuts and Studs 
For Sheet Metal fabrications and 
pressings. 

Brass threaded Inserts and Studs 
For easy application to all types 
of plastics. 


In-place costs of all these products can be significantly reduced by using P.S.M’s 
purpose-designed, automatically-fed installation equipment. Selection of the right 


Thread Locking and Sealing devices 
To convert Standard Screws and Nuts into self- eee 
re-usable and pressure-tight fasteners. —__ 

Steel Inserts and Studs 

To provide high-strength threads 
in die-castings. 


fastener from the wide range available is facilitated by a Technical Advisory Service. — — S 
: ; : ; ' eS: : FASTENERS ) 
Write, phone or circle the Reader Enquiry Service Card for copies of these informative brochures. 


P.S.M Fasteners Ltd., Longacres, Willenhall, West Midlands, WV13 2JS, England. Telephone: Willenhall 68011 (10 lines). Telex: 338565. 


